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A  HISTORY  OF  THE  ILLINOIS  STATE 
ACADEMY  OF  SCIENCE 

PART  1.  THE  FOUNDATION  OF  THE  ACADEMY  AND  ITS 
FIRST  TWENTY  -  FIVE  YEARS,  1907-1932 


Kathleen  Fahey 
Southern  Illinois  University 
Carbondale 


Until  the  middle  of  the  nineteenth  century,  there  were  few  scientists  in  Il¬ 
linois.  Those  active  as  naturalists  were  often  physicians  or  lawyers  who  became  in¬ 
terested  in  natural  history,  taught  themselves  the  fundamentals,  and  pursued 
scientific  studies  as  an  avocation.  State  support  of  science  began  in  Illinois  in  1851 
with  the  creation  of  the  State  Geological  Survey. 

The  opportunities  for  education  and  employment  in  the  sciences  increased  in 
Illinois  in  the  second  half  of  the  1800’s  with  the  establishment  of  many  colleges, 
universities,  and  normal  schools,  including  Northwestern  University  in  1851,  Il¬ 
linois  State  Normal  University  in  1857,  Illinois  Industrial  University  (which 
became  the  University  of  Illinois  in  1885)  in  1867;  and  the  University  of  Chicago 
in  1890. 

Scientific  associations  were  also  organized  in  Illinois  in  the  second  half  of  the 
1800’s.  These  included  the  Illinois  Agricultural  Society  in  1853,  the  Illinois  Hor¬ 
ticultural  Society  in  1856,  and  state  natural  history  societies  in  1858  and  1878. 

Many  local  and  state  academies  of  science  were  established  in  the  United 
State  in  the  1800’s.  The  states  neighboring  Illinois  which  had  active  state 
academies  before  1900  included  Wisconsin,  Indiana,  and  Iowa.1  The  Chicago 
Academy  of  Natural  Sciences  was  formally  organized  in  1857  and  incorporated  as 
the  Chicago  Academy  of  Sciences  in  1859. 2  The  Academy  of  Science  of  St.  Louis 
was  established  in  1856,  although  the  Missouri  Academy  of  Science  was  not 
established  until  1934. 

THE  FORERUNNERS  OF  THE  ILLINOIS 
STATE  ACADEMY  OF  SCIENCE 

Two  statewide  natural  history  societies  were  established  in  Illinois  in  the  se¬ 
cond  half  of  the  1800’s. 

The  first,  the  Illinois  Natural  History  Society  was  proposed  by  Cyrus 
Thomas,  a  Carbondale  lawyer  who  later  became  State  Entomologist,  in  a  letter 
read  at  the  December,  1857,  meeting  of  the  State  Teachers’  Association  in 
Decatur.3  The  Society  was  organized  at  a  meeting  on  June  30,  1858,  at  Illinois 
State  Normal  University.  The  Society  was  most  active  from  1858  to  1861,  with  the 
specimens  collected  by  its  members  housed  in  a  museum  at  the  University.  During 
the  Civil  War  little  was  accomplished  by  the  Society.  Following  the  war,  John 


2 


Transactions  of  The  Illinois  State  Academy  of  Science 


Wesley  Powell  returned  to  Illinois  to  teach  geology  at  Illinois  Wesleyan  University 
in  Bloomington  and  at  Illinois  State  Normal  University  at  Normal.  In  1867  he  suc¬ 
ceeded  in  having  the  Legislature  appropriate  $2,500  annually  for  Museum  ex¬ 
penses  and  the  salary  of  a  curator,  and  he  was  named  curator  shortly  thereafter  by 
the  State  Board  of  Education  and  the  directors  of  the  Society.  Powell’s  interest  was 
in  field  work,  and  he  led  several  expeditions  to  the  Rocky  Mountains  and  the  Col¬ 
orado  River  which  were  partially  supported  by  his  position  as  the  Illinois  Natural 
History  Society  curator. 

In  1871  the  Legislature,  in  passing  an  appropriation  of  $2,500  for  the 
Museum,  required  that  the  contents  of  the  Museum  be  transferred  to  the  State. 
The  Society  had  no  choice  since  it  could  not  support  the  Museum  from  its  own 
resources,  and  it  agreed  to  the  transfer  at  a  meeting  in  Bloomington  on  June  22, 
1871.  The  State  Board  of  Education  accepted  the  Museum  on  June  28,  1871. 4 

Stephen  A.  Forbes  was  appointed  curator  of  the  Museum  by  the  State  Board 
of  Education  in  1872  after  Powell  resigned  to  move  to  Washington,  D.C.  In  1877 
when  the  State  Natural  History  Museum  at  Springfield  was  established,  the 
Natural  History  Society  Museum  at  Normal  became  the  State  Laboratory  of 
Natural  History.  When  Cyrus  Thomas  resigned  as  State  Entomologist  in  1882  and 
moved  to  Washington,  D.C.,  Forbes  was  also  named  the  fourth  State  En¬ 
tomologist,  an  office  established  by  the  Legislature  in  1867.  The  State  Laboratory 
of  Natural  History  by  law  was  located  in  Normal,  although  the  State  En¬ 
tomologist’s  office  was  not  so  designated.  Forbes  accepted  a  position  as  zoologist  at 
Illinois  Industrial  University  in  1884,  and  in  1885  the  Legislature  passed  a  law 
transferring  the  State  Laboratory  of  Natural  History  from  Normal  to  Illinois  In¬ 
dustrial  University.  So  the  museum  that  began  as  the  Natural  History  Society 
Museum  in  time  evolved  into  the  State  Laboratory  of  Natural  History  and  was 
transferred  from  Normal  to  Urbana. 

The  second  nineteenth  century  State  natural  history  society,  the  State 
Natural  History  Society  of  Illinois,  was  an  outgrowth  of  summer  schools  of  natural 
history  held  at  Illinois  State  Normal  University  in  1875  and  1878.  The  Illinois 
summer  schools  were  patterned  after  the  Anderson  School  of  Natural  History  on 
Penikese  Island  off  the  Massachusetts  coast  which  was  established  by  Louis 
Agassiz,  a  Harvard  University  naturalist,  in  the  summer  of  1873.  The  Society  was 
organized  at  a  meeting  held  at  the  Springfield  office  of  Amos  H.  Worthen,  State 
Historical  Library  and  Natural  History  Museum  curator,  on  December  12,  1878. 
Its  first  general  meeting  was  held  in  Chicago  on  January  16,  1879,  with  forty  per¬ 
sons  present.  Worthen  was  elected  president  and  Forbes  secretary.  Cyrus  Thomas 
who  had  suggested  the  first  Natural  History  Society  was  also  involved  in 
establishing  the  second  and  served  as  a  member  of  its  executive  committee.5 

In  1880  the  Society  decided  not  to  broaden  its  scope  to  include  the  physical 
and  mathematical  sciences,  and  in  1882  the  Society  decided  there  was  no  need  for 
it  to  establish  a  publication.  The  Society  declined  in  membership  following  these 
decisions,  and  the  Jacksonville  meeting  of  1885  was  its  last.  As  Forbes  said  22  years 
later: 


The  active  members  of  the  last  two  years  were  chiefly  col¬ 
lectors  of  specimens,  and  species-students  of  the  old  school — a 
few  still  glowing  brands  from  the  enthusiasms  of  the  explora¬ 
tion  period,  with  scarcely  a  spark  to  testify  to  the  coming  il- 
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lumination,  in  the  midst  of  which  it  is  our  present  privilege  to 
live.  And  so  the  society  passed,  leaving  no  permanent  material 
product  of  its  work,  except  private  collections  and  such  papers 
of  its  members  as  were  published  here  and  there,  as  each  in¬ 
dividual  thought  best.6 

THE  ILLINOIS  STATE  MUSEUM  OF  NATURAL  HISTORY 

The  Illinois  State  Museum  of  Natural  History  was  instrumental  in  the  crea¬ 
tion  and  growth  of  the  Illinois  State  Academy  of  Science. 

The  origin  of  the  State  Museum  can  be  traced  to  the  State  Geological  Survey 
which  was  authorized  by  the  Legislature  in  1851.  Section  4  of  the  law  establishing 
the  Survey  read  in  part: 

It  shall  be  the  duty  of  said  geologist  to  procure  and 
preserve  a  full  and  entire  suit  of  the  different  specimens  found 
in  the  State  and  cause  them  to  be  delivered  to  the  Secretary  of 
State,  who  shall  cause  them  to  be  properly  arranged  in  a 
cabinet,  and  deposited  in  some  apartment  in,  or  convenient  to, 
the  capitol.7 

Joseph  G.  Norwood,  trained  as  a  physician,  but  active  in  geological  surveys 
under  David  Dale  Owen,  was  named  State  Geologist,  a  position  he  held  until  1858 
when  his  former  assistant,  Amos  H.  Worthen,  who  had  worked  on  the  Iowa 
Geological  Survey  under  James  Hall,  was  named  State  Geologist.  The  specimens 
collected  by  the  Survey  staff  were  kept  in  New  Harmony,  Indiana,  until  1854 
when  they  were  sent  by  boat  to  St.  Louis  and  by  rail  from  there  to  Springfield. 
There  was  not  a  suitable  building  for  the  collection  in  Springfield,  and  it  was  mov¬ 
ed  many  times  in  the  early  years.  By  1872  there  was  a  general  feeling  that 
everything  needed  to  be  known  about  Illinois  geology  was  known,  and  the 
Legislature  abolished  the  Geological  Survey,  although  special  appropriations  for 
it  continued  until  1875. 

Worthen  worked  for  two  years  without  pay  until  1877  when  the  Legislature 
passed  a  law  creating  a  State  Historical  Library  and  Natural  History  Museum. 
The  State  Historical  Library  and  Natural  History  Museum  were  to  be  managed  by 
three  trustees  who  would  appoint  a  curator  knowledgeable  in  geology.  Worthen 
was  appointed  curator  and  served  the  State  Historical  Library  and  Natural 
History  Museum  until  his  death  in  1888.  He  was  succeeded  by  Josua  Lindahl  who 
was  curator  from  1888  to  1893.  In  1889  a  law  was  passed  which  separated  the 
State  Historical  Library  from  the  State  Museum.  Lindahl’s  successors  at  the  State 
Museum  included  William  F.E.  Gurley,  1893-1897;  C.H.  Crantz,  1897-1906;  and 
Alja  R.  Crook,  who  was  curator  from  1906  until  his  death  in  1930.  Crook  was  very 
active  in  establishing  the  Illinois  State  Academy  of  Science,  an  organization  he 
hoped  would  strongly  support  the  funding  and  development  of  the  State  Museum. 

THE  ORGANIZATION  OF  THE  ILLINOIS  STATE 

OF  SCIENCE 

The  organizational  meeting  of  the  Illinois  State  Academy  of  Science  was  held 
in  the  Illinois  Senate  Chamber  in  Springfield,  Saturday,  December  7,  1907.  The 
efforts  of  Alja  R.  Crook,  the  State  Museum  curator,  to  ensure  wide  representation 
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were  highly  successful.8  Over  100  scientists  were  present,  representing  fifteen  col¬ 
leges,  universities,  and  normal  schools,  as  well  as  representatives  from  high 
schools,  state  agencies,  and  various  other  organizations.  Since  the  death  of  the 
second  state  natural  history  society  in  1885,  22  years  had  elapsed,  a  time  during 
which  the  number  of  scientists  in  Illinois  had  greatly  increased.  Comparing  the 
Academy  to  the  old  Natural  History  Society,  Forbes  stated  “there  are  more  college 
specialists  here  today  from  one  department  of  one  institution  than  there  were  in 
our  whole  membership  in  1879”. 9 

Crook  called  the  meeting  to  order  followed  by  the  election  of  Ulysses  S. 
Grant,  professor  of  geology  at  Northwestern  University,  as  temporary  chairman. 
In  the  absence  of  Governor  Charles  S.  Deneen,  Secretary  of  State  James  A.  Rose 
welcomed  the  scientists  and  supported  their  efforts  to  form  an  organization  to 
facilitate  communication  among  its  members  as  had  been  done  by  other  profes¬ 
sions  in  the  state.  Thomas  C.  Chamberlin,  University  of  Chicago  professor  of 
geology,  gave  the  opening  address  on  “The  Advantages  of  a  State  Academy  of 
Science”  followed  by  Stephen  A.  Forbes,  State  Entomologist,  who  spoke  on  the 
“History  of  the  Former  State  Natural  History  Societies  in  Illinois”. 

In  the  afternoon  the  proposed  constitution  and  bylaws,  drawn  up  by  a  com¬ 
mittee  of  nine,  were  revised  and  adopted  and  officers  were  elected.  The  first 
Academy  officers  were  President  Thomas  C.  Chamberlin,  head  of  the  Geology 
Department  at  the  University  of  Chicago  and  president  of  the  Chicago  Academy  of 
Sciences  since  1897;  Vice-President  Henry  Crew,  physics  professor  at  Nor¬ 
thwestern  University;  Secretary  Alja  R.  Crook,  State  Museum  of  Natural  History 
curator;  and  Treasurer  John  C.  Hessler,  James  Millikin  University  chemistry  pro¬ 
fessor.  A  Council  composed  of  the  officers  was  in  charge  of  the  Academy  affairs 
between  the  annual  meetings. 

Two  standing  committees  were  established,  a  Committee  on  Publication  and 
a  Committee  on  Membership.  The  Committee  on  Publication  consisted  of  the 
president,  the  secretary,  and  a  third  member  chosen  by  the  Academy.  The  first 
Publication  Committee  included  President  Chamberlin,  Vice-President  Crew, 
and  H.  Foster  Bain,  State  Geologist.  The  Membership  Committee  consisted  of  five 
members  chosen  annually.  The  first  Membership  Committee  included  Forbes, 
State  Entomologist;  Thomas  W.  Galloway,  James  Millikin  University  biology  pro¬ 
fessor;  John  P.  Magnusson,  Augustana  College  chemistry  professor;  Charles  H. 
Smith,  Hyde  Park  High  School  physics  teacher,  and  Benjamin  B.  James,  James 
Millikin  University  physics  professor. 

A  symposium  entitled  “The  Outlook  for  Young  Men  in  Various  Sciences” 
followed.  The  speakers  and  their  subjects  were  W.J.  McGee,  director  of  the  St. 
Louis  Public  Museum,  on  anthropology;  John  G.  Coulter,  Illinois  State  Normal 
University,  on  botany;  William  A.  Noyes,  University  of  Illinois,  on  chemistry;  H. 
Foster  Bain,  State  Geologist,  on  geology;  and  Herbert  V.  Neal,  Knox  College,  on 
zoology.  The  papers  given  at  this  symposium  were  published  in  Volume  1  of  the 
Academy’s  Transactions ,  and  all  except  McGee’s  also  were  published  in  Science.10 
In  the  evening,  McGee  spoke  on  “Greater  Steps  in  Human  Progress”  to  an  au¬ 
dience  of  600. 

All  those  who  attended  the  organizational  meeting  (or  expressed  interest  in 
participating  but  were  unable  to  attend),  signed  the  constitution,  and  paid  the  in¬ 
itiation  fee  and  the  annual  dues  for  1908  became  charter  members.  A  list  of 
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Academy  members  appeared  at  the  end  of  Volume  1  of  the  Academy’s  Transac¬ 
tions  with  the  114  charter  members  indicated  as  such.  It  was  a  distinguished 
group;  54  of  the  114  charter  members  were  listed  in  the  1910  edition  of  American 
Men  of  Science.  Of  the  100  charter  members  who  indicated  a  specialty  when  they 
joined  the  Academy,  43  were  in  the  biological  sciences,  35  in  chemistry  and 
physics,  10  in  geology,  and  12  in  miscellaneous  other  sciences. 

The  first  annual  meeting  of  the  Illinois  State  Academy  of  Science  was  held  on 
Saturday,  February  22,  1908,  at  James  Millikin  University  in  Decatur  with  96 
people  present.  Nine  papers  were  read  in  the  morning  and  two  in  the  afternoon, 
abstracts  of  which  were  published  in  Volume  1  of  the  Transactions.  A  symposium 
on  the  atmosphere  was  also  held  at  this  meeting.  Only  the  opening  address  of  the 
symposium  by  President  Chamberlin  was  published  in  the  Transactions.  In  the 
evening,  Albert  A.  Michelson,  a  charter  member  of  the  Academy,  delivered  a  lec¬ 
ture  entitled  “Recent  Advances  in  Spectroscopy”  which  he  had  originally 
presented  in  Stockholm  on  December  12,  1907,  when  he  received  the  Nobel  Prize 
for  physics. 

THE  FIRST  TWENTY-FIVE  YEARS  OF  THE  ACADEMY 

1907  -  1932 

The  Illinois  State  Academy  of  Sciences  incorporated  as  a  non-profit  corpora¬ 
tion  on  April  1,  1909.  The  incorporation  papers  were  signed  by  Stephen  A. 
Forbes,  Academy  president;  Arthur  N.  Johnson,  State  Highway  Engineer  and  a 
charter  member  of  the  Academy;  and  Alja  R.  Crook,  Academy  secretary.  Written 
in  Crook’s  hand,  the  object  of  the  Academy  was  “the  promotion  of  scientific 
research,  the  diffusion  of  scientific  knowledge  and  scientific  spirit,  and  the 
unification  of  the  scientific  interests  of  the  State  and  not  for  pecuniary  profit”. 
The  Academy  worked  toward  these  goals  in  its  first  25  years  by  increasing  its 
membership,  by  holding  annual  meetings,  by  publishing  its  Transactions ,  and  by 
committee  work. 


MEMBERS 

Five  classes  of  membership  and  a  dues  structure  were  established  in  1907:  ac¬ 
tive  (one  dollar  initiation  fee  and  one  dollar  annual  dues);  non-resident  (Academy 
members  who  had  left  Illinois,  dues  one  dollar  per  year);  corresponding  (scientists 
chosen  by  the  Academy  who  were  exempt  from  dues);  life  (a  one-time  payment  of 
twenty  dollars);  and  honorary  (distinguished  scientists  outside  of  Illinois  who 
were  exempt  from  dues) .  Corresponding  and  honorary  memberships  were  drop¬ 
ped  from  the  constitution  by  an  amendment  adopted  in  1917. 

The  membership  of  the  Academy  within  two  years  of  its  founding  was  over 
300,  where  it  remained  until  1918-1919  when  it  dipped  just  below  300.  During  the 
1920’s  the  membership  rose  rapidly,  and  by  1932  there  were  over  1,100  members. 

ANNUAL  MEETINGS 

The  annual  meetings  were  held  in  different  locations  each  year  in  an  effort  to 
attract  people  from  all  regions  of  the  state  as  members.  Field  trips  were  an  impor¬ 
tant  activity  starting  with  the  14th  annual  meeting  in  Carbondale  in  1921  and 
continuing  for  many  years.  The  trips  were  to  areas  of  anthropological,  biological, 
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geological,  or  industrial  interest.  The  State  Geological  Survey  and  the  State 
Natural  History  Survey  often  planned  the  geological  and  biological  field  trips  and 
provided  leaders  for  them. 


SECTIONS 

The  first  few  years  the  Academy  had  no  sections — the  membership  was  small 
and  it  was  feared  that  the  creation  of  sections  would  only  fragment  the  young 
organization. 

At  the  eighth  meeting  in  1915,  for  the  first  time  there  were  section  meetings 
in  addition  to  the  general  sessions.  The  first  two  sections  were  Botany, 
Bacteriology,  and  Chemistry;  and  Zoology,  Entomology,  and  Geology.  By  1922 
the  following  sections  met  at  the  annual  meeting  for  the  presentation  of  papers: 
Biology  and  Agriculture,  Chemistry  and  Physics,  Geology  and  Geography, 
Medicine  and  Public  Health,  and  Psychology  and  Education.  Geology  and 
Geography  held  separate  sessions  beginning  in  1928.  A  section  on  High  School 
Science  held  its  first  meeting  in  1923.  In  1930,  the  Biology  and  Agriculture  Section 
divided  into  two  sections,  Botany  and  Zoology.  An  Economics  Section  met  for  the 
first  time  at  the  1931  annual  meeting,  and  a  new  Agriculture  Section  and  An¬ 
thropology  Section  met  for  the  first  time  in  1932.  There  were  eleven  sections  ia 
1932:  Agriculture,  Anthropology,  Botany,  Economics,  Geology,  Geography, 
Medicine  and  Public  Health,  Physics  and  Chemistry,  Psychology  and  Education, 
Zoology,  and  High  School  Science  and  Clubs  (Junior  Academy). 

SYMPOSIA 

In  Forbes’  presidential  address  at  the  third  annual  meeting  he  stated: 
our  own  special  mission  is  the  aid  and  advancement  of  scien¬ 
tific  research  and  the  popularization  and  propagation  of  its 
results.  For  both  these  aims  we  need  to  bring  the  scientific  men 
and  the  people  of  the  state  into  closer  and  more  frequent  con¬ 
tact,  in  ways  and  under  conditions  to  increase  the  popular 
respect  for  scientific  work  and  the  popular  appreciation  of  its 
outcome,  and  also  to  interest  our  scientific  men  more  strongly 
in  problems  affecting  the  general  welfare.  Especially  we  must 
remind  the  absorbed  investigator  that  it  is  the  part  of  science  to 
understand  its  own  environment,  and  to  adapt  itself  thereto; 
that  science  is  not,  and  perhaps  can  never  be,  wholly  self- 
sustaining,  especially  in  a  democracy;  and  that  without  the 
broadest  possible  basis  in  popular  gratitude  and  regard,  the 
progress  of  science  will  be  needlessly  retarded  and  its  develop¬ 
ment  delayed.  The  happy  thought  of  an  annual  symposium  on 
some  subject  of  primary  importance  and  strong  human  interest 
is,  I  think,  a  great  help  to  these  ends.11 

In  line  with  Forbes’  views,  the  annual  meeting  in  early  years  often  included  a 
symposium  on  some  topic  of  general  interest.  Some  of  the  participants  in  the  sym¬ 
posia  were  invited  from  outside  the  Academy  membership,  and  the  symposia  were 
open  to  the  public. 

Some  of  the  section  also  sponsored  symposia;  for  example,  the  Economics  Sec¬ 
tion  sponsored  a  symposium  on  the  economic  problems  of  the  Illinois  River  Valley 
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at  the  24th  annual  meeting  in  1931.  The  papers  presented  at  this  symposium  were 
published  both  in  the  Transactions  and  as  Circular  12  of  the  Illinois  State  Water 
Survey. 


TRANSACTIONS 

At  the  May  8,  1908,  Council  meeting,  three  months  after  the  first  regular 
meeting,  a  decision  was  made  to  publish  a  volume  of  Transactions  covering  the 
organizational  meeting,  the  first  regular  meeting,  the  constitution  and  bylaws, 
and  a  list  of  members.  The  first  volume  was  printed  in  an  edition  of  500;  the 
second  and  third  volumes  were  printed  in  editions  of  1,000  each. 

The  first  four  volumes  were  edited  by  the  Publication  Committee  which  con¬ 
sisted  of  the  president,  secretary,  and  a  third  member  chosen  annually  by  the 
Academy.  From  Volume  5,  1912,  until  1929  when  the  office  of  editor  was 
established,  the  editing  of  the  Transactions  was  one  of  the  responsibilities  of  the 
secretary.  In  1929,  H.  Carl  Oesterling  of  the  Illinois  Natural  History  Survey  was 
appointed  the  first  editor  of  the  Transactions.  He  was  followed  by  Dorothy  E. 
Rose  of  the  Illinois  Geological  Survey  who  edited  Volumes  24-29,  1931-36,  and 
Volumes  36-42,  1943-1949. 

Most  of  the  Academy  income  in  the  early  years  had  to  be  set  aside  for  the 
publication  of  the  Transactions ,  although  from  the  beginning  the  Academy  at¬ 
tempted  to  get  state  funding.  At  the  second  annual  meeting  in  1909,  a  committee 
was  appointed  to  “take  charge  of  whatever  legislative  agitation  the  Academy 
thought  wise”,  which  at  the  time  was  support  of  a  new  State  Museum  building 
and  state  funding  for  the  Transactions.12  The  committee  consisted  of  Academy 
President  Forbes,  Vice-President  John  M.  Coulter,  Secretary  Crook,  and 
Treasurer  John  C.  Hessler. 

State  funding  for  the  Transactions  was  secured  in  1911  with  the  passage  of 
House  Bill  675,  approved  June  10,  1911,  which  provided  $500  per  year  for  the 
biennium  to  the  trustees  of  the  Illinois  State  Museum  of  Natural  History  for  the 
publication  and  distribution  of  Transactions  of  the  Academy.13  In  1915,  however, 
the  portion  of  House  Bill  935  dealing  with  the  Academy  passed  the  Legislature, 
but  was  vetoed  by  Governor  Edward  F.  Dunne.14  When  Volumes  9  and  10  of  the 
Transactions  were  sent  to  the  printer  in  1917,  it  was  with  the  understanding  that 
Governor  Frank  O.  Lowden  had  signed  House  Bill  853  containing  an  appropria¬ 
tion  of  $1,000  per  year  for  the  printing  of  the  Transactions ,  but  in  December, 
1917,  the  Academy  discovered  that  the  Academy  item  in  the  appropriations  bill 
had  been  vetoed  by  the  Governor  because  of  the  wartime  economy.15 

At  the  1918  annual  meeting,  therefore,  the  Council  was  empowered  to  seek 
affiliation  between  the  Academy  and  the  State  Museum,  which  was  a  division  of 
the  Illinois  Department  of  Registration  and  Education  following  a  government 
reorganization  in  1917.  The  Academy  secretary,  John  L.  Pricer,  and  the  director 
of  the  Department  of  Registration  and  Education,  Francis  W.  Shepardson,  cor¬ 
responded  throughout  1918  regarding  the  proposed  affiliation.  A  letter  from 
Shepardson  to  Pricer  dated  December  7,  1918,  set  forth  a  plan  and  closed  with  “I 
have  already  arranged  for  the  inclusion  in  the  budget  of  an  item  of  a  thousand 
dollars  per  annum  for  the  Academy,  this  being  contingent  upon  the  closing  of  the 
arrangement  on  your  part.”16 

The  plan  called  for  the  Academy  to  be  an  affiliated  division  of  the  State 
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Museum,  for  the  Board  of  State  Museum  Advisors  (which  replaced  the  Museum 
trustees  in  1917)  to  oversee  the  relations  between  the  Academy  and  the  State 
Museum,  for  the  chief  (formerly  known  as  the  curator)  of  the  State  Museum  to  be 
the  librarian  of  the  Academy  with  responsibility  for  the  distribution,  sale,  and  ex¬ 
change  of  the  Academy’s  publications,  for  the  librarian  to  be  a  member  of  the 
Academy  Council,  and  for  the  Department  of  Registration  and  Education 
through  the  State  Museum  to  seek  state  funding  for  the  Academy  publications. 

Pricer  wrote  the  other  Council  members,  and  all  concurred  in  the  affiliation 
which  was  ratified  at  the  Jacksonville  meeting,  March  21,  1919.  Thus  began  the 
practice  of  the  State  Museum  including  a  request  for  funding  of  the  Transactions 
in  its  proposed  budget  submitted  to  the  Legislature,  and  beginning  with  Volume 
11,  the  volumes  of  the  Transactions  read  “Printed  by  Authority  of  the  State  of  Il¬ 
linois”  on  the  title  page. 

The  first  22  volumes  of  the  Transactions  were  printed  as  single  issues;  Volume 
23,  1930-31,  was  the  first  to  be  issued  in  four  parts  in  order  to  qualify  for  the 
second-class  postage  rate.  The  four  issues  per  volume  continued  through  Volume 
36,  1943. 

Financial  problems  continued  to  beset  the  Academy,  and  Volume  25  contain¬ 
ed  only  abstracts  of  the  papers  presented  at  the  May,  1932,  section  meetings  in 
order  to  save  printing  costs.  Volume  25  was  also  the  first  volume  to  be  printed 
without  the  membership  list,  again  in  an  effort  to  save  printing  costs. 

COMMITTEES 

Among  the  committees  the  first  twenty-five  years,  three  were  quickly 
discharged  while  two  others  were  active  for  many  years. 

The  three  short-lived  Academy  committees  were  the  Committee  on  Deep 
Drillings,  the  Committee  to  Influence  Legislation  to  Restrict  the  Collection  of 
Birds  and  Eggs  Solely  to  Accredited  Institutions,  and  the  Committee  to  Influence 
Legislation  in  Favor  of  Increased  Protection  for  Game  Birds.  The  Committee  on 
Deep  Drillings  was  discharged  in  1911  since  the  State  Geological  Survey,  re¬ 
established  in  1905,  had  taken  over  the  work  of  collecting  these  records.  The  com¬ 
mittee  which  investigated  restricting  the  collection  of  birds  and  eggs  solely  to  ac¬ 
credited  institutions  concluded  that  much  valuable  information  was  contributed 
by  amateurs  who  would  be  hampered  in  their  work  by  the  proposed  legislation, 
and  the  committee  was  discharged  at  the  fifth  annual  meeting,  1912.  The  Commit¬ 
tee  to  Influence  Legislation  in  Favor  of  Increased  Protection  for  Game  Birds, 
chaired  by  Forbes,  concluded  that  additional  legislation  regarding  hunting  was 
not  the  solution  since  a  decline  in  game  birds  was  caused  instead  by  agricultural 
practices  which  reduced  the  habitat  available.  This  committee  was  discharged  at 
the  fourth  annual  meeting  in  1911. 

One  of  the  first  projects  the  Academy  actively  supported  was  an  ecological 
survey  of  Illinois.  The  project  had  been  strongly  endorsed  by  several  ecologists  at 
the  first  regular  meeting  in  1908,  and  at  the  May  8,  1908,  Council  meeting,  a  com¬ 
mittee  of  five  for  an  ecological  survey  was  appointed:  Stephen  A.  Forbes,  chair¬ 
man;  Frank  C.  Baker,  Chicago  Academy  of  Sciences  curator;  Henry  C.  Cowles, 
University  of  Chicago  botanist;  Henry  A.  Gleason,  University  of  Illinois  botanist; 
and  Thomas  Hankinson,  Eastern  Illinois  State  Normal  School  zoologist. 

At  the  third  meeting  of  the  Academy  in  1910,  Forbes,  president  of  the 
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Academy  and  chairman  of  the  Academy’s  Committee  on  Ecological  Survey,  as 
well  as  head  of  the  State  Laboratory  of  Natural  History  which  was  charged  by  law 
with  conducting  an  ecological  survey,  included  in  his  presidential  address  his 
views  on  the  relationship  between  the  Academy’s  Committee  on  Ecological  Survey 
and  the  State  Laboratory: 

The  principal,  actual  outcome  of  this  experiment — for  an 
experiment,  of  course  it  is — has  thus  far  been  a  review  and  en¬ 
dorsement,  by  this  committee,  of  the  State  Laboratory  plans 
and  operations,  and  a  common  understanding  among  the  ac¬ 
tive  investigators  in  this  field  as  to  their  respective  subjects, 
fields  of  operation,  and  interrelations,  arrived  at  with  a  view 
to  the  coordination  of  all  parts  of  this  work  and  a  fairly 
uniform  and  symmetrical  final  product.  The  publication  of 
several  papers  on  the  ecology  of  the  state  by  members  of  the 
committee  has  been  provided  for  by  the  State  Laboratory,  and 
these  papers  are  appearing  as  articles  in  its  Bulletin.  Both  state 
and  individual  work  have  thus  been  stimulated  and  somewhat 
expanded,  so  far  without  increase  of  expense,  and  with  notable 
addition  to  the  scientific  and  educational  value  of  their  pro¬ 
duct.17 

In  1917  the  State  Laboratory  of  Natural  History  and  the  State  Entomologist’s 
office  united  to  form  the  Illinois  Natural  History  Survey  headed  by  Forbes.  Forbes 
continued  as  chairman  of  the  Academy’s  Ecological  Survey  Committee  until  1920. 
His  successors  as  chairman  were  Henry  C.  Cowles,  University  of  Chicago 
botanist;  Warren  G.  Waterman,  Northwestern  University  botanist;  Ernest  L. 
Stover,  Eastern  Illinois  State  Teachers  College  botanist;  and  Arthur  G.  Vestal, 
University  of  Illinois  botanist. 

In  1912,  a  committee  with  the  unwieldly  name  of  “Committee  on  Legislation 
or  Agreements  Which  Would  Set  Apart  Certain  Waste  Lands,  Railway  Rights  of 
Way,  etc.,  for  the  Conservation,  Propagation  and  Study  of  the  Common  Wild 
Flowering  Plants”  was  formed.  The  Committee  identified  24  possible  areas  for 
plant  preserves  along  the  Illinois  Central  Railway  right  of  way  from  Jo  Daviess  to 
Alexander  Counties  and  asked  the  railway  to  cooperate  with  the  Academy  by  not 
mowing  those  areas  until  after  the  seeding  season.  The  railway  required  the 
Academy  to  guarantee  the  railway  against  trouble  by  fire  and  run  plowed  furrows 
around  the  areas  which  the  Academy  did  not  feel  it  could  undertake,  so  agreement 
was  never  reached.  The  committee’s  name  was  shortened  to  Committee  on  Con¬ 
servation  in  1913. 

In  1927  the  Academy  discussed  whether  the  Committee  on  Ecological  Survey 
and  the  Commitee  on  Conservation  should  be  continued  since  the  State 
Geological  Survey,  the  Natural  History  Survey,  and  the  State  Water  Survey  had 
largely  taken  over  this  work,  but  it  was  decided  that  the  committees  should  con¬ 
tinue  to  exist  so  that  they  would  be  available  to  act  in  case  of  an  emergency. 

THE  ILLINOIS  JUNIOR  ACADEMY  OF  SCIENCE 

From  its  beginning  the  Academy  expressed  interest  in  contributing  to  the  im¬ 
provement  of  science  teaching  in  the  state.  At  the  third  annual  meeting  in  1910, 
for  example,  President  Forbes  stated  that  “our  relations  to  the  progress  of  scien- 
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tific  investigation  within  the  state,  important  as  they  may  be,  are  really  over¬ 
shadowed,  as  it  seems  to  me,  by  those  which  we  bear,  or  ought  to  bear,  to  the  pro¬ 
gress  and  improvement  of  scientific  education.”18  He  suggested  the  establishment 
of  a  committee  to  investigate  what  the  Academy  could  do  to  improve  high  school 
science  teaching,  and  the  next  day  the  Academy  established  such  a  committee. 

The  Committee  on  Assistance  of  the  Academy  to  High  Schools  in  Science 
Teaching  the  following  year  recommended  the  establishment  of  two  committees, 
one  to  prepare  leaflets  on  high  school  science  and  the  other  to  investigate  the 
teaching  of  pure  and  applied  science  in  the  high  school.  The  Leaflet  Committee  met 
for  several  years,  but  finally  went  out  of  existence  without  accomplishing  its  pur¬ 
pose  because  of  financial  difficulties.  The  Committee  on  Pure  and  Applied  Science 
in  High  Schools  soon  became  the  Committee  on  Secondary  Science  with  a 
somewhat  broader  scope. 

In  1917  John  L.  Pricer,  Illinois  State  Normal  University  biologist  and 
Academy  secretary,  suggested  that  high  school  science  clubs  should  be  encouraged 
to  affiliate  with  the  Academy.19  His  suggestion  did  not  take  until  1919  when  he 
again  mentioned  it  in  his  annual  report  as  secretary.20  This  time  the  Academy 
took  action,  and  a  Committee  on  Affiliation  of  High  School  Science  Clubs  with 
the  Academy  was  formed  with  John  L.  Pricer  as  chairman,  and  Herman  S.  Pe- 
poon  of  Chicago’s  Lake  View  High  School  and  Warren  G.  Waterman  of  Nor¬ 
thwestern  University  as  members. 

Pricer  died  in  1920,  and  at  the  June  21,  1921,  Council  meeting,  the  Commit¬ 
tee  on  Secondary  Science  and  the  Committee  on  High  School  Clubs  merged  into 
one,  the  Committee  on  High  School  Science  and  Clubs,  with  John  C.  Hessler, 
Knox  College  chemist,  as  chairman.  The  Academy  continued  to  encourage  the 
development  of  high  school  science  clubs  and  their  affiliation  with  the  Academy 
throughout  the  1920’s.  Although  some  high  school  science  clubs  did  affiliate  with 
the  Academy,  others  were  lost,  and  membership  in  the  Academy  did  not  rise 
dramatically  as  had  been  expected.2 1 

In  1928  at  the  Bloomington-Normal  meeting  of  the  Academy,  the  orientation 
of  the  High  School  Science  and  Clubs  Section  changed  from  trying  to  involve  the 
teacher  to  trying  to  involve  the  student,  or  as  Lyell  J.  Thomas,  then  secretary  of 
the  Academy,  later  wrote: 

In  the  1928  Bloomington-Normal  meeting  of  the  Academy 
the  attention  of  the  secretary  was  drawn  to  what  seemed  to 
him  the  real  objective — a  high-school  student  presenting  before 
the  High-School  Science  Section  a  demonstration  of  what  he 
was  interested  in, — a  project  study  in  the  field  of  chemistry. 

That  student’s  teacher,  Miss  Aleta  McEvoy,  of  Rockford  High 
School,  was  made  chairman  of  the  section  for  the  following 
year.22 

Delegates  from  high  school  clubs  first  met  with  McEvoy  at  the  Academy 
meeting  in  Macomb  in  1929. 

Louis  A.  Astell,  an  Illinois  high  school  science  teacher,  made  a  presentation 
on  “How  State  Academies  May  Encourage  Scientific  Endeavor  among  High 
School  Students”  at  the  Des  Moines  meeting  of  the  Academy  Conference  of  the 
American  Association  for  the  Advancement  of  Science  on  December  27,  1929. 
(The  Academy  Conference  of  AAAS  had  been  formed  in  1926  with  representation 
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from  each  academy  of  science  affiliated  with  AAAS.)  Astell’s  paper  was  published 
in  Science  in  1930  and  generated  much  interest  throughout  the  country.2  3  Lyell  J. 
Thomas,  past  secretary  of  the  Academy,  and  Arthur  C.  Walton,  then  secretary  of 
the  Academy,  also  spoke  on  the  Junior  Academy  at  the  1929  Academy  Conference 
meeting  with  a  summary  of  their  remarks  published  in  the  Academy’s  Transac¬ 
tions.24 

In  May,  1930,  175  high-school  students  displayed  130  projects  at  the  Urbana 
meeting.25  In  December  of  that  year,  McEvoy  spoke  before  the  Cleveland 
meeting  of  the  Academy  Conference  of  AAAS  on  “The  Illinois  Junior  Academy  of 
Science,  Accomplishments  and  Prospects’’.2 6  Also  in  December,  1930,  Illinois 
Junior  Science  was  published  by  the  Junior  Academy  and  sent  to  science  teachers 
in  high  schools  and  normal  schools  throughout  the  state.  It  contained  a  history  of 
the  Junior  Academy  reprinted  from  the  Transactions ,  articles  by  club  sponsors 
and  student,  information  about  science  projects,  and  an  announcement  of  the 
1931  meeting  at  Peoria.  The  cost  of  this  publication,  unfortunately,  prevented  any 
additional  issues  from  being  prepared. 

The  Senior  Academy  assisted  the  Junior  Academy  financially  for  many  years, 
although  from  the  beginning  the  Junior  Academy’s  goal  was  to  be  self-supporting. 
The  sources  of  funding  for  the  Junior  Academy,  in  addition  to  the  help  from  the 
Senior  Academy,  were  dues,  commisssions  on  pins,  advertising,  and  annual  con¬ 
test  entry  fees. 

AFFILIATIONS 

The  Academy  sought  affiliations  not  only  with  high  school  science  clubs  but 
also  with  other  local  and  national  scientific  organizations. 

In  1919  the  Academy  voted  unanimously  to  affiliate  with  the  American 
Association  for  the  Advancement  of  Science  (AAAS)  which  succeeded  the  Associa¬ 
tion  of  American  Geologists  and  Naturalists  in  1848.  Since  the  terms  of  affiliation 
changed  after  the  1919  vote,  again  on  February  20,  1920,  the  Academy  voted 
unanimously  to  become  affiliated  with  AAAS.  Article  III  of  the  Academy  constitu¬ 
tion  was  changed  to  indicate  two  classes  of  members,  national  (Academy  members 
who  also  belonged  to  AAAS)  and  local  (those  who  belonged  to  the  Academy  only) . 
AAAS  dues  were  collected  by  the  Academy  and  forwarded  to  the  AAAS. 

New  affiliation  relations  with  the  AAAS  became  effective  October  1,  1925. 
The  Academy  no  longer  collected  the  AAAS  dues,  but  the  AAAS  gave  50  cents  to 
the  Academy  for  every  annual  and  life  member  of  the  Academy  who  was  also  a 
member  of  AAAS. 


RESOLUTIONS 

Morris  M.  Leighton  in  his  history  of  the  Academy  summarized  some  of  the 
activities  which  the  Academy  supported  during  its  first  25  years:  birth  and  death 
registration  legislation,  proper  quarters  for  the  State  Museum,  use  of  the  cen¬ 
tigrade  scale  in  government  publications,  duty-free  importation  of  scientific 
equipment  for  use  in  educational  institutions,  use  of  the  metric  system,  formation 
of  state  parks  and  forests,  laws  to  reduce  pollution  of  rivers  and  streams,  establish¬ 
ment  of  a  Department  of  Conservation,  establishment  of  a  national  forest  in  Il¬ 
linois,  and  the  establishment  by  Congress  of  awards  for  scientific  and  technical 
achievements.2  7 
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SUMMARY 

In  its  first  25  years,  membership  in  the  Academy  increased  tenfold,  from  114 
charter  members  to  over  1,100  members  by  1932.  Most  of  the  prominent  scientists 
in  Illinois  were  counted  among  its  members. 

The  Academy’s  annual  meetings  were  well  attended,  often  featuring  public 
lectures,  as  well  as  symposia,  and  field  trips  beginning  in  1921.  By  1932  eleven  sec¬ 
tions  met  for  the  presentation  of  papers  at  the  annual  meetings. 

The  Illinois  Junior  Academy  of  Science  was  the  first  in  the  nation  and  it 
served  as  the  spark  for  the  junior  academy  movement  in  the  United  States. 

The  greatest  problem  in  the  early  years  was  financial.  With  dues  only  $1  per 
year  the  Academy  could  afford  little  other  than  printing  its  Transactions  and  even 
that  was  in  small  editions  with  often  only  abstracts  of  papers  published. 

The  situation  looked  particularly  bleak  in  1915  and  1917  when  appropria¬ 
tions  for  the  Academy  passed  the  Legislature  but  were  vetoed  by  the  Governors 
because  of  the  war.  John  L.  Pricer,  the  Academy  secretary,  in  an  address  entitled 
“Is  the  State  Academy  of  Science  Worthwhile?”  given  at  the  1918  annual  meeting 
referred  to  the  financial  difficulties  but  concluded  the  Academy  was  important 
because 

if  science  is  to  hold  its  place  and  perform  its  true  mission 
in  society,  those  who  understand  and  appreciate  it  best  must  be 
organized  and  in  a  position  to  assert  its  rights  and  to  advocate 
its  cause  at  every  turn,  and  in  the  most  effective  manner.28 

Pricer  urged  the  members  to  continue  to  support  the  Academy,  and  he  was 
confident  that  with  time  state  funding  would  materialize.  His  faith  was  well 
justified  because  within  a  year  the  Academy  affiliated  with  the  State  Museum, 
and  its  financial  problems  were  somewhat  alleviated. 

At  the  close  of  the  Academy’s  first  25  years,  Morris  Leighton,  chief  of  the 
Geological  Survey  and  past  president  of  the  Academy,  foresaw  an  important 
future  for  the  Academy: 

We  are  entering  a  new  order  which  calls  for  the  Academy 
to  bear  its  portion  of  responsibility — an  order  which  will  de¬ 
mand  a  change  from  extreme  specialization  in  science  to  com¬ 
bined  specialization  and  unified  effort  to  solve  problems  which 
one  science  alone  cannot  solve,  a  change  also  which  will  de¬ 
mand  a  greater  influence  on  the  part  of  the  scientific  group  of 
the  nation  on  the  solution  of  its  great  social,  political  and 
ethical  problems.29 
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The  second  twenty-five  years  of  the  Academy  began  during  the  Great 
Depression,  continued  through  World  War  II,  and  ended  with  the  launch  by  the 
Soviets  of  Sputnik  1,  October  4,  1957.  Federal  support  for  science  increased  great¬ 
ly  following  World  War  II.  Among  the  agencies  funding  basic  research  and 
education  in  the  sciences  was  the  National  Science  Foundation  which  was  created 
in  1950.  Academies  of  science  benefitted  from  the  greater  awareness  of  the  value 
of  science  and  from  the  strengthened  funding  for  scientific  research  and  educa¬ 
tion. 

MEMBERS 

Membership  in  the  Academy  declined  during  World  War  II  but  quickly 
recovered  following  the  war.  The  membership  exceeded  1,000  during  the  1950’s. 

For  over  forty  years  the  annual  dues  remained  at  $1.  In  1948  the  Council 
voted  to  increase  the  annual  dues  from  $1  to  $2.  Life  memberships  increased  from 
$20  to  $50.  Student  memberships  were  set  at  $1  per  year  in  the  1950  constitution 
but  were  abolished  in  the  1957  constitution.  Sustaining  memberships  in  the  1950 
constitution  remained  at  $10  per  year  or  more,  the  same  as  originally  approved  in 
1941.  The  dues  from  sustaining  memberships  were  earmarked  for  the  Junior 
Academy.  The  1957  revised  constitution  added  patron  memberships  at  an  annual 
dues  of  $50  or  more,  the  proceeds  of  which,  like  the  sustaining  memberships,  went 
to  the  Junior  Academy. 


ANNUAL  MEETINGS 

The  annual  meetings  continued  to  be  held  throughout  the  war  years  except 
for  1945  when  the  Office  of  Defense  Transportation  refused  to  allow  the  state 
meeting  scheduled  for  Bloomington  to  be  held.  The  Academy  held  only  an  ex¬ 
ecutive  session  on  May  5th  in  Bloomington. 

More  than  600  people  attended  the  first  annual  meeting  following  the  war, 
1946.  In  1947  attendance  topped  700  with  112  papers  presented  in  nine  regular 
sections  and  31  papers  presented  in  two  collegiate  sections,  Physcial  and  Earth 
Sciences,  and  Biological  and  Social  Sciences. 

SECTIONS 

The  26th  annual  meeting,  1933,  had  sections  in  Agriculture,  Anthropology, 
Botany,  Chemistry,  Economics,  Geography,  Geology,  Medicine  and  Public 
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Health,  Physics,  Psychology  and  Education,  Zoology,  and  High  School  Science 
and  Clubs  (Junior  Academy). 

A  Social  Science  Section  was  approved  by  the  Council  at  its  November  2, 
1940  meeting  and  held  its  first  meeting  in  1941.  The  Social  Science  Section  and  the 
Psychology  and  Education  Section  merged  to  form  the  Science  Education, 
Psychology  and  Social  Science  Section  on  November  6,  1954. 

A  Collegiate  Section  for  undergraduates  to  present  results  of  their  research 
was  authorized  by  the  Council  in  1941  and  met  for  the  first  time  in  1942.  The 
Aquatic  Biology  Section  was  approved  in  1953  and  held  its  first  program  in  1954. 

In  1935  the  Council  voted  to  drop  the  Economics  Section  because  of  lack  of 
interest  and  the  Agriculture  Section  disbanded  in  1946.  The  Medicine  and  Public 
Health  Section  was  inactive  during  the  second  25  years  of  the  Academy,  and  in 
1956  a  committee  was  set  up  to  explore  the  re-establishment  of  this  section.  The 
committee  did  not  find  adequate  support  for  this  section  and  in  1957  the  commit¬ 
tee  was  discharged. 


SYMPOSIA 

The  practice  of  the  early  years  of  symposia  on  topics  of  general  interest  pretty 
well  disappeared  during  the  second  25  years.  The  symposia  that  were  held  were 
usually  sponsored  by  sections  rather  than  by  the  Academy  in  general. 

TRANSACTIONS 

The  Academy  went  through  lean  times  its  second  25  years.  Like  Volume  25, 
Volumes  26-36  of  the  Transactions  contained  only  abstracts  of  papers  presented  at 
the  section  meetings.  Page  charges  for  articles  over  two  pages  were  imposed,  and 
at  the  April  30,  1936,  Council  meeting  an  editorial  fee  of  $1  for  each  paper 
published  in  the  Transactions,  except  for  those  given  at  the  general  sessions,  was 
approved . 

At  the  November  4,  1943,  Council  meeting  the  Council  decided  that  because 
of  the  war  only  one  issue  per  year  would  be  published,  no  longer  would  abstracts 
of  technical  papers  be  published,  the  few  papers  selected  for  publication  would  be 
published  in  full,  and  there  would  no  longer  be  page  charges  or  editorial  fees. 
From  Volume  37,  1944,  through  Volume  50,  1957,  each  volume  consisted  of  only 
one  issue.  Papers  given  at  section  meetings  were  ranked  by  the  section  chairmen 
and  the  Publications  Committee  then  decided  which  would  be  published. 

From  1919  until  1950  the  Academy  conferred  with  the  State  Museum  re¬ 
garding  the  funds  necessary  to  publish  the  Transactions.  These  funds  were  re¬ 
quested  as  part  of  the  State  Museum  budget  each  two  years.  In  1950,  “Little 
Hoover  Commission”  set  up  by  Governor  Adlai  E.  Stevenson  to  investigate 
government  organization  and  efficiency  declared  that  the  “gentlemen’s  agree¬ 
ment”  between  the  Academy  and  the  State  Museum  had  never  been  authorized  by 
the  Legislature,  and  until  such  time  as  the  Civil  Administrative  Code  had  been 
amended  to  allow  such  support,  all  further  funding  was  cut  off.  Through  the  ef¬ 
forts  of  Academy  President  Percival  Robertson,  House  Bill  631  was  passed  by  the 
Legislature  and  approved  by  Governor  Stevenson  on  July  11,  1951,  allowing  such 
expenditure.  Chapter  127,  Section  58.33  of  the  Civil  Administrative  Code 
authorized  the  Department  of  Registration  and  Education  which  the  State 
Museum  was  then  under  “to  cooperate  with  the  Illinois  State  Academy  of  Science 
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and  to  publish  a  suitable  number  of  the  results  of  the  investigations  and  research 
in  the  field  of  natural  science  to  the  end  that  the  same  may  be  distributed  to  the  in¬ 
terested  public.” 

Dorothy  E.  Rose  of  the  State  Geological  Survey  edited  Volumes  24-29, 
1931-1936;  Rose  also  prepared  an  index  to  Volumes  1-25  which  was  published  in 
1935;  Grace  Needham  Oliver  of  the  State  Geological  Survey  edited  Volumes 
30-35,  1937-1942;  Rose  served  a  second  stint  as  editor  of  Volumes  36-42, 
1943-1949;  Jane  V.  Olson,  State  Geological  Survey,  edited  Volumes  43-47, 
1950-1954;  and  Harvey  I.  Fisher  of  Southern  Illinois  University  edited  Volumes 
48-52,  1955-1959. 


COMMITTEES 

The  Committee  on  Ecological  Survey  was  chaired  by  Arthur  G.  Vestal, 
University  of  Illinois  professor  of  botany,  from  1930  to  1936.  Part  1  of  the  Com¬ 
mittee’s  bibliography  of  the  ecology  of  Illinois  containing  over  1,400  items  and 
partially  annotated  was  published  in  the  Transactions,  December  1934. 1  In  1936 
Vestal  suggested  that  the  Committee  on  Ecological  Survey  be  discharged  since  the 
committee  members  had  been  working  as  individuals  and  would  continue  to  work 
that  way,  with  or  without  a  committee  on  ecology.  The  Council  voted  instead  to 
replace  the  Committee  on  Ecological  Survey  by  a  Committee  on  Ecological 
Bibliography  since  work  was  still  progressing  on  Part  2  of  the  bibliography.  For 
many  years  Vestal  continued  to  add  references  to  a  card  file  in  his  office  but  the 
committee  was  discharged  in  1953  without  Part  2  having  been  published  in  the 
Transactions. 

A  subcommittee  of  the  Committee  on  Conservation  was  approved  in  1935  to 
study,  protect,  and  preserve  anthropological  remains  in  Illinois.  This  subcommit¬ 
tee  was  chaired  by  Fay-Cooper  Cole,  head  of  the  anthropology  department  of  the 
University  of  Chicago.  This  subcommittee  became  a  full-fledged  committee,  the 
Committee  on  the  Conservation  of  Archaeological  and  Historic  Sites,  in  1937. 
Cole  urged  that  a  bill  be  introduced  in  the  Legislature  to  require  those  who 
planned  to  excavate  any  archaeological  or  historic  site  in  Illinois  to  be  licensed  by 
the  State.  In  1940  the  Committee  reported  that  a  licensing  law  had  been  drawn  up 
but  a  licensing  agent  had  not  been  identified.  The  State  Museum  might  have  been 
a  logical  agency  to  supervise  the  licensing,  but  the  State  Museum  was  unable  to 
take  on  the  extra  work  at  that  time. 

In  the  1940’s  and  1950’s  the  Committee  on  Teacher  Training  worked  on  cer¬ 
tification  standards  for  Illinois  high  school  science  teachers.  The  Committee  in 
general  advocated  a  stronger  science  background  and  fewer  education  courses  for 
teacher  certification. 

The  Committee  on  the  History  of  the  Illinois  State  Academy  of  Science  was 
discharged  in  1952  following  publication  of  an  article  by  its  chairman,  William 
M.  Bailey,  on  the  beginning  of  the  Academy.2 

The  Committee  on  Animal  Experimentation  in  Research  was  established  in 
1953  at  the  suggestion  of  Academy  President  Wilbur  W.  Grimm.  This  Committee 
actively  opposed  legislation  supported  by  anti- vivisection  groups. 

In  1956  Milton  D.  Thompson,  assistant  director  of  the  State  Museum, 
reported  on  errors  he  had  discovered  in  science  educational  films  used  in  the  state. 
He  was  appointed  chairman  of  the  committee  to  study  educational  films  and  for 
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several  years  thereafter,  film  reviews,  written  by  members  of  the  committee,  ap¬ 
peared  in  the  Transactions. 

THE  ILLINOIS  JUNIOR  ACADEMY  OF  SCIENCE 

The  number  of  Junior  Academy  exhibits  increased  rapidly  in  the  late  1940’s 
and  early  1950’s.  By  1957  there  were  910  exhibits  at  the  state  meeting,  and  the 
Junior  Academy  had  difficulty  locating  halls  that  could  handle  that  number  of  ex- 

hibits. 

The  Junior  Academy  state  meetings  featured  the  exhibits,  the  presentations  of 
research  papers  by  selected  students,  speeches  by  scientists,  a  banquet,  and  an  in¬ 
vitation  to  attend  the  Saturday  field  trips  of  the  Senior  Academy.  The  Senior 
Academy  schedule  by  the  1950’s  included  a  recess  when  members  could  view  the 
Junior  Academy  exhibits  and  talk  with  the  students  about  their  research.  Members 
of  the  Senior  Academy  also  served  as  judges  for  the  Junior  Academy  exhibits. 

Science  Club  Service  was  a  publication  started  in  the  early  1930’s  to  serve 
Junior  Academy  officials  and  affiliated  clubs  not  only  in  Illinois  but  also  in  other 
states.  It  was  edited  by  Louis  A.  Astell  and  financed  by  the  Illinois  Senior  and 
Junior  Academies,  by  other  state  academies  of  science,  and  beginning  in  1939,  by 
the  Extension  Division  of  the  University  of  Illinois.  Also  in  1939,  the  title  of  the 
publication  changed  to  Science  Aids  Service.  When  Astell  left  the  University  in  the 
early  1940’s,  Science  Aids  Service  ceased.  It  was  succeeded  in  1944  by  Illinois 
Junior  Science  Leaflet,  published  cooperatively  by  the  Division  of  University  Ex¬ 
tension  of  the  University  of  Illinois  and  the  Illinois  Junior  Academy  of  Science. 
The  Junior  Academy  also  published  a  yearbook  starting  in  1945  with  photos  of 
students  and  their  exhibits  and  short  summaries  of  their  research. 

Radio  broadcasts  sponsored  by  the  Junior  Academy  began  in  the  early  1930’s 
and  continued  into  the  1940’s.  The  speakers  included  scientists  and  members  of 
science  clubs  which  were  affiliated  with  the  Junior  Academy. 

In  the  mid-1950’s  the  Academy  began  to  cooperate  with  the  Illinois  Society 
for  Medical  Research  and  other  state  medical  and  veterinary  organizations  in 
sponsoring  an  essay  contest  on  the  value  of  animal  experimentation  in  research. 

SCIENCE  TALENT  SEARCH 

The  Westinghouse  Science  Talent  Search,  administered  by  Science  Service 
through  Science  Clubs  of  America,  was  created  to  recognize  high  school  seniors 
with  research  potential  and  encourage  their  further  education  by  the  awarding  of 
scholarships.  The  criteria  for  selection  were  a  science  aptitude  examination,  rank 
in  class,  teacher  recommendations,  and  a  paper.  The  first  national  winners  and 
national  honorable  mentions  were  selected  in  1942. 

The  Academy  began  to  cooperate  with  Science  Talent  Search  in  1947.  Two 
Senior  Academy  committees  were  appointed  in  connection  with  the  Science 
Talent  Search,  the  Science  Talent  Search  Selection  Committee  and  Science  Talent 
Search  Scholarships.  The  first  selected  Illinois  honorable  mentions  in  addition  to 
those  selected  nationally,  and  the  second  tried  to  secure  scholarships  for  those 
recQgnized  nationally  and  by  Illinois.  By  1948  the  two  committees  were  combined 
as  the  Science  Talent  Committee  with  Lyell  J.  Thomas  as  chairman. 

Following  the  death  of  Frank  H.  Reed,  at  one  time  the  chairman  of  the 
Science  Talent  Committee,  in  1957,  a  memorial  was  set  up  in  his  name  and  an 
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award  was  made  each  year  starting  in  1959  to  the  writer  of  the  best  report  in  the 
Science  Talent  Search. 


AAAS  RESEARCH  GRANTS 

From  1925  to  1935,  members  of  the  Academy  who  were  also  members  of  the 
American  Association  for  the  Advancement  of  Science  had  50  cents  of  their  lues  o 
AAAS  returned  to  Illinois  to  help  support  the  Academy.  From  1935  on  AAA 
restricted  the  use  of  these  funds  to  the  support  of  research,  preferably  at  small  in¬ 
stitutions  where  researchers  were  not  as  likely  to  be  able  to  attract  arge  §ra"  n 
Academy  committee,  the  Committee  on  Research  Grants,  admimstered  the  p  Og 
gram  and  decided  to  whom  the  grants  should  be  awarded  The  first  AAAS 
research  grants  were  awarded  for  1935-36  to  Arthur  G.  Vestal  of  the  University  of 
Illinois  for  the  completion  of  the  ecological  bibliography  of  Illinois  and  to  Frank 
C.  Baker  of  the  Natural  History  Survey  for  his  study  of  land  and  freshwa  er 

gastropods. 

UNDERGRADUATE  RESEARCH  CONFERENCE 

In  1954  and  1955  the  Council  discussed  trying  to  stimulate  undergraduate 
research  bv  bringing  together  experienced  and  inexperienced  researchers.  Garrett 
W.  Thiessen,  past  president  of  the  Academy,  was  appointed  chairman  of  the  Sta  e 
Research  Conference  Committee  in  May,  1955,  to  plan  such  a  conference.  The 
Undergraduate  Research  Conference,  funded  by  a  National  Science  Foundation 
grant  of  $7,000,  was  held  at  the  University  of  Illinois,  Urbana,  February  22-23, 
1957,  with  153  people  in  attendance  from  39  colleges  and  universities.  T  e  con¬ 
ference  called  "Experiment  in  Experimentation”,  inspired  some  research,  bu  e 
planned  supplement  to  the  Transactions  containing  the  results  of  this  research  was 

found  to  be  unnecessary. 

RESOLUTIONS 

Some  of  the  issues  which  the  Academy  supported  in  its  second  25  years  were 
the  commission  plan  for  the  Illinois  Department  of  Conservat.on  the  us^o  un- 
wanted  dogs  and  cats  for  medical  research,  construction  of  a  State  Museum 
building,  protection  of  Volo  Bog,  and  professional  training  for  Department  of 
Conservation  employees.  The  Academy  opposed  thetransferrmgofpublica 
to  private  interests  (specifically  the  land  in  Olympic  National  Park)  the  transf 
ing  of  3,000  acres  of  Yellowstone  Park  to  the  state  of  Montana,  the  issuance 
temporary  teaching  certificates,  and  the  wasteful  loss  of  gas  from  oil  fiel  . 

SUMMARY 

The  Academy  attracted  several  hundred  to  its  annual  meetings  during  its 
second  25  years.  State  funding  for  the  Transactions  continued  a  ter  au  hor1^  had 
been  obtained  from  the  Legislature  to  include  a  request  for  printing  of 

Transactions  in  the  State  Museum  budget.  .  .  ■, 

The  second  25  years  was  a  time  of  growth  in  the  Junior  Academy.  The 

number  of  exhibits  at  the  annual  meeting  increased  dramatically.  A  publication 
aimed  at  junior  academy  officials  was  launched,  and  radio 

thus  providing  more  exposure  for  the  Junior  Academy.  The  Senior  Academy 
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began  to  cooperate  with  Science  Talent  Search  in  identifying  and  encouraging 
prospective  scientists.  Near  the  end  of  the  second  25  years  of  the  Academy,  James 
W.  Neckers,  in  his  presidential  address,  said  in  reference  to  the  Junior  Academy, 
“After  a  number  of  years  of  work  in  this  Academy,  I  have  come  to  the  conclusion 
that  this  sponsorship  in  itself  justifies  the  existence  of  our  Senior  Academy.”3 

FOOTNOTES 

1.  A.G.  Vestal,  “A  bibliography  of  the  ecology  of  Illinois,  part  1,”  Trans.  III.  State  Acad.  Sci.  27 

(1934),  pp.  163-261. 

2.  W.M.  Bailey,  “The  beginning  of  the  Illinois  State  Academy  of  Science,”  Trans.  Ill  State  Acad.  Sci 

43  (1950),  pp.  24-33. 

3.  J.W.  Neckers,  “Scientists— more  or  less?,”  Trans.  III.  State  Acad.  Sci.  45  (1952),  p.  7. 
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Basic  research  and  improved  high  school  science  became  national  priorities  in 
he  1960's  following  the  orbiting  of  Sputnik  I.  Academies  of  science  supported  a 
arietTofprogramsin  those  arels,  sometimes  with  the  assistance  of  the  National 

icience  Foundation. 

MEMRERS 

Membership  in  the  Academy  peaked  in  1959  with  over  1,700  members.  At 
he  close  of  the  third  25  years,  membership  stood  at  approximately  1,100. 

'  Dues  Increased  in  1959  from  $2  to  $5  for  an  annual  membership  and  from 
650  to  $100  for  a  life  membership.  Sustaining  memberships  remained  at  $10-49 
and  natron  memberships  remained  at  $50  or  more.  In  1960  student  membership 
was  re-established  at  a  dues  of  $2  per  year.  In  1968  sustaining  and  pa  ro^ 
memberships  were  abolished  following  the  incorporation  of  the  I’lln0‘s  Jl  "1°r 
Academy  of  Science  and  contributing  memberships  with  an  annuid An 
more  were  added  Emeritus  membership  was  also  created  in  the  1 
emeritus  member  must  have  been  a  member  of  the  Academy  for  at  least  ten  years 
and  be  retired  from  his  regular  occupation.  No  dues  are  collected  from  emeritus 

In  1971  a  50  percent  increase  in  dues  was  approved  effective  in  1972  m  help 
defray  the  costs  of  operation  of  the  central  office.  The  new  dues  were  $7.50  f 
regular  membership,  $3  for  a  student  membership  $150  for  a  life  ^toship 
and  $15  or  more  for  a  contributing  membership.  Effective  in  1979,  regula 

increased  to  $10.  memberships  were  created  to  recognize  outstanding 

scientists^an^thos'e  who  had  made  exceptional  contributions  to  soc£y. ^ereci- 
nipnts  in  the  1970’s  were  Roger  Adams  and  John  C.  Sylvester,  197  ,  • 

Yohe  1972;  John  Bardeen,  1973;  George  W.  Beadle  Charles  D.  Hurd  Emanue 
7  J  j  A  .1  q  QnirW  1Q74*  Percv  L  Julian  and  Harold  M.  Kaplan, 

SSnC1 “LS;  iSii.  U  «  F.  Cori  and  Carl  S. 
Marvel,  1977;  Teru  Hayashi  and  Nelson  J.  Leonard,  1978;  and  Georg  .  pnnger, 

1979. 


ANNUAL  MEETINGS 

In  1958  both  the  Senior  and  Junior  Academies  met  in  Urbana.  There  were 
ose  to  1,000  exhibits  at  the  1958  Junior  Academy  state  meeting.  Few  halls  in  the 
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State  could  handle  that  number  of  exhibits  so  the  Junior  Academy  accepted  an  in¬ 
vitation  from  the  University  of  Illinois  to  hold  its  state  meeting,  later  called  exposi¬ 
tion,  there  every  year.  In  1959  the  Senior  Academy  met  at  the  Illinois  Institute  of 
Technology  in  Chicago  while  the  Junior  Academy  met  two  weeks  later  at  Urbana. 

SECTIONS 

At  the  51st  annual  meeting  the  following  sections  met:  Aquatic  Biology;  Ar¬ 
chaeology  and  Anthropology;  Botany;  Chemistry;  Geography;  Geology;  Physics; 
Science  Education,  Psychology  and  Social  Science;  Zoology;  Collegiate;  and  the 
Junior  Academy. 

The  Archaeology  and  Anthropology  Section  changed  its  name  to  the  An¬ 
thropology  Section  in  1959.  It  met  through  1966  and  again  in  1969  but  was  inac¬ 
tive  for  many  years  following.  Volume  72,  No.  4,  1980,  of  the  Transactions  on  the 
archaeology  and  ethnohistory  of  the  Greater  Southwest  resulted  from  a  sym¬ 
posium  of  the  Society  for  American  Archaeology  held  in  Tucson,  May,  1978,  and 
represented  an  attempt  to  revitalize  the  Anthropology  Section. 

The  Conservation  Section  held  its  first  program  at  the  1959  annual  meeting; 
Meteorology  held  its  first  program  at  the  1960  annual  meeting.  The  Meteorology 
Section  became  the  Meteorology  and  Climatology  Section  in  1961. 

The  Collegiate  Section  in  the  late  1950’s  was  poorly  attended  because  few 
undergraduates  were  interested  in  hearing  papers  on  such  widely  divergent  topics. 
In  1959,  therefore,  instead  of  paper  presentations,  a  panel  discussion  was  held  on 
the  “Effect  of  Science  on  World  Politics”.  In  1960  efforts  to  arrange  a  program 
failed,  and  in  1961  the  Collegiate  Section  was  abolished. 

The  Science  Education,  Psychology  and  Social  Science  Section  became  the 
Science  Teaching  Section  in  1961  and  it  became  the  Science  and  Mathematics 
Teaching  Section  in  1973.  In  1969  a  collegiate  subsection  of  the  Chemistry  Section 
met  for  the  first  time. 

The  Microbiology  Section  held  its  first  meeting  in  1961.  In  1973  the  name  of 
this  section  was  changed  to  Microbionics,  although  for  a  time  the  section  was  to  be 
called  Microbionics  (Microbiology) .  The  name  of  this  section  was  changed  back  to 
Microbiology  in  1980. 

In  1973  an  Astronomy  Section  was  approved  by  the  Council  and  met  at  the 
annual  meeting.  The  Astronomy  Section  merged  with  the  Physics  Section  in  1977 
to  form  the  Physics  and  Astronomy  Section.  At  the  November  1,  1975,  Council 
meeting,  approval  was  given  to  fuse  the  Conservation  Section  and  the  Aquatic 
Biology  Section  into  the  Enviromental  Sciences  Section. 

Other  new  sections  in  the  1979’s  and  the  first  year  in  which  each  held  a  pro¬ 
gram  at  the  annual  meeting  were  Agriculture,  1976;  Applied  Science  and 
Technology,  1976;  Applied  Mathematics  and  Mechanics,  1977;  Medical  Sciences, 
1978;  and  Computer  Science,  1979. 

SYMPOSIA 

In  recent  years  the  Academy  has  again  sponsored  symposia  on  topics  of 
general  interest,  often  with  guest  speakers.  In  1970  the  symposium  was  entitled  “A 
New  Role  for  the  Academy”.  In  1971  there  was  a  symposium  on  pre-college 
science  education  with  the  aid  of  a  grant  from  Bradley  University  where  the  sym¬ 
posium  was  held.  In  connection  with  the  1972  Academy  meeting,  a  symposium  on 
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the  societal  problems  of  water  resources  was  held  in  Macomb.  In  1978  there  was  a 
symposium  on  coal;  in  1979,  a  symposium  on  air  pollution  awareness;  in  1980,  a 
symposium  on  radiation  biology;  and  in  1981,  a  symposium  on  genetic  engineer¬ 
ing. 

TRANSACTIONS 

From  Volume  37,  1944,  through  Volume  50,  1957,  one  issue  of  the  Transac¬ 
tions  was  published  each  year.  Starting  with  Volume  51,  1958,  the  Transactions 
again  had  four  numbers  per  year,  although  for  several  years  some  of  the  issues 
were  combined. 

Harvey  I.  Fisher  took  over  the  editorial  duties  from  Jane  V.  Olson  with 
Volume  48,  1955.  He  was  succeeded  by  Paul  C.  Silva,  University  of  Illinois,  who 
edited  Volume  53  and  Wesley  J.  Birge,  University  of  Illinois,  who  edited  Volumes 
54-55.  Edwin  C.  Galbreath  of  Southern  Illinois  University  edited  Volumes  56-60; 
Darrel  L.  Lynch,  Northern  Illinois  University,  edited  Volume  61-62,  No.  3; 
Malcolm  Jollie,  Northern  Illinois  University,  edited  Volume  62,  No.  4-Volume 
65;  Jacklyn  B.  Melchior,  Chicago  College  of  Osteopathic  Medicine,  edited 
Volume  66-68  No.  1;  James  E.  House,  Jr.,  Illinois  State  University,  edited  Volume 
68  No.  2- Volume  72  No.  1;  Basil  Hedrick,  State  Museum,  edited  Volume  72  No. 
2-Volume  73  No.  4;  and  Anthony  Paparo  and  L.  Richard  Coulson  of  Southern  Il¬ 
linois  University  became  joint  editors  with  Volume  74. 

In  the  1970’s  the  Academy  again  experienced  financial  difficulties  in  printing 
the  Transactions.  Some  years  no  funds  were  available  through  the  State  Museum 
and  attempts  to  secure  legislation  for  the  direct  funding  of  the  Transactions  were 
unsuccessful. 

NEWSLETTER 

In  an  attempt  to  communicate  Academy  business  and  news  to  the  member¬ 
ship  rapidly,  the  Academy  published  the  ISAS  Newsletter  from  the  first  issue,  Oc¬ 
tober,  1971,  through  Volume  3  No.  2,  dated  September  1973.  The  editor  was 
Nathan  R.  Brewer,  the  executive  secretary  of  the  Academy  from  1971  to  1973. 

The  7SAS  Newsletter  (later  Illinois  Science  News)  started  up  again  with 
Volume  1  No.  1,  April,  1977.  It  was  edited  by  James  E.  House,  Jr.,  of  Illinois  State 
University  through  Volume  3  No.  2,  March-April,  1979.  He  was  succeeded  by 
D.D.  Hearn  of  Western  Illinois  University  in  1979,  and  by  Jack  Bennett  of  Nor¬ 
thern  Illinois  University  in  1981. 

COMMITTEES 

In  1958  Norman  D.  Levine  recommended  the  formation  of  a  Planning  Com¬ 
mittee  to  review  current  programs  and  to  suggest  possible  new  directions  for  the 
Academy.  This  committee  was  created  in  1958  with  Levine  as  chairman. 

In  the  1970’s  the  Committee  on  Animal  Experimentation  in  Research  worked 
to  change  Chapter  122,  Section  27-14  of  the  Illinois  School  Code  which  states  “no 
experiment  upon  any  living  animal  for  the  purpose  of  demonstration  in  any  study 
shall  be  made  in  any  public  school”.  The  law  was  commonly  ignored,  but  at¬ 
tempts  to  repeal  it  and  allow  experimentation  with  proper  regulation  were  unsuc¬ 
cessful. 

The  Educational  Films  Evaluation  Committee  which  had  been  formed  in 
1956  was  discharged  by  Council  action  on  April  29,  1967. 
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Walter  B.  Hendrickson,  history  professor  at  MacMurray  College,  researched 
the  history  of  the  Academy  from  1959  until  his  resignation  as  Academy  historian 
in  1967.  A  committee  was  appointed  to  help  him  in  his  work.  Hendrickson 
authored  three  articles  which  were  published  in  the  Transactions  between  1963 
and  1966. 1 

THE  ILLINOIS  JUNIOR  ACADEMY  OF  SCIENCE 

The  phenomenal  growth  of  the  Junior  Academy  post-Sputnik  strained  the 
finances  of  the  Senior  Academy;  the  income  from  sustaining  and  patron  member¬ 
ships  was  not  sufficient  for  the  needs  of  the  Junior  Academy.  In  the  late  1950’s  the 
Business  Advisory  Committee  (later  called  the  Industry  Advisory  Committee)  was 
formed  to  raise  contributions  from  industry  for  the  support  of  the  Junior 
Academy.  Since  the  Business  Advisory  Committee  took  a  while  to  become  effec¬ 
tive,  the  National  Science  Foundation  was  approached  for  assistance  in  the  in¬ 
terim,  and  the  Junior  Academy  was  granted  $15,000  for  the  1960-61  school  year 
and  $15,150  for  the  1961-62  school  year  from  NSF.  In  the  spring  of  1962  when  the 
grant  was  not  renewed  for  the  following  year,  school  registration  fees  based  on 
school  enrollment  were  imposed  to  help  support  the  Junior  Academy. 

In  1960  Lyell  J.  Thomas  was  honored  by  the  Senior  and  Junior  Academies  as 
the  founder  of  the  Illinois  Junior  Academy  of  Science  and  of  the  junior  academy 
movement  in  the  United  States. 

On  May  3,  1967,  the  Illinois  Junior  Academy  of  Science  incorporated  as  a 
not-for-profit  corporation.  Its  purpose  as  stated  in  its  articles  of  incorporation  is 
“to  encourge  and  sponsor  educational,  patriotic  and  scientific  activities  among 
junior  and  senior  high  school  students  in  the  State  of  Illinois  with  particular  em¬ 
phasis  on  the  scientific  field.”  On  May  20,  1968,  its  articles  of  incorporation  were 
amended  deleting  the  word  “patriotic”.  In  1969,  the  articles  of  incorporation 
were  again  amended  to  assure  the  tax-exempt  status  of  the  Junior  Academy.  The 
Senior  Academy  later  that  year  also  amended  its  articles  of  incorporation  to  assure 
its  tax-exempt  status. 

In  1969  the  Senior  Academy  dropped  its  Junior  Academy  Committee 
although  the  Senior  Academy  still  has  a  representative  of  the  Junior  Academy  on 
its  Council.  The  Senior  Academy  continues  to  offer  the  Frank  H.  Reed  award  for 
the  outstanding  paper  submitted  in  the  Science  Talent  Search  and  to  provide  cer¬ 
tificates  for  all  Science  Talent  Search  winners  and  honorable  mentions  from  Il¬ 
linois  and  travel  funds  and  banquet  tickets  for  those  who  attend  the  Junior 
Academy  annual  banquet. 


RESEARCH  GRANTS 

Until  1959  each  academy  affiliated  with  the  American  Association  for  the 
Advancement  of  Science  received  50  cents  from  AAAS  for  each  member  who  was 
also  a  member  of  AAAS.  In  1959  the  rebate  increased  to  $1  per  member.2  These 
funds  were  awarded  for  research  at  the  discretion  of  the  Academy  although  star¬ 
ting  in  the  1960’s  the  AAAS  recommended  that  high  school  students  receive 
preference.  1979  was  the  last  year  that  these  funds  were  available  from  AAAS. 
Since  then  AAAS  has  funded  proposals  directly  on  a  merit  basis.  In  1980,  the 
Academy  set  aside  $1,000  from  its  own  funds  to  support  research  requests. 
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VISITING  SCIENTIST  PROGRAM 

For  many  years  Academy  members  volunteered  to  present  lectures  and  talk 
informally  in  schools.  In  the  1960’s  the  National  Science  Foundation  helped  sup¬ 
port  this  activity.  A  $7,275  NSF  grant  for  the  1965-66  school  year  resulted  in  91  Il¬ 
linois  schools  being  reached  and  a  $9,520  NSF  grant  for  the  1966-67  school  year 
resulted  in  128  visits  to  schools.  The  project  director  was  Frederick  W.  Rolf, 
chemistry  professor  at  Northern  Illinois  University.  In  October  1966  the  Academy 
was  informed  that  the  National  Science  Foundation  was  dropping  funding  for  the 
Visiting  Scientist  Program  for  Secondary  Schools  after  that  academic  year. 

SCIENCE  SEMINARS 

At  the  November,  1959,  Council  meeting,  Norman  D.  Levine,  chairman  of 
the  Planning  Committee,  proposed  science  seminars  for  high  school  teachers  to  br¬ 
ing  them  up-to-date  on  recent  developments  in  the  sciences.  After  adequate  sup¬ 
port  was  expressed,  Levine  proceeded  with  the  planning  and  a  series  of  four 
seminars  on  “Recent  Advances  in  Biological  Sciences”  for  high  school  teachers, 
sponsored  by  a  NSF  grant  of  $14,090,  was  held  on  February  9-10,  1962,  at  the 
Lorado  Taft  Field  Campus,  Northern  Illinois  University;  February  23-24,  1962, 
at  Allerton  House,  University  of  Illinois;  March  16-17,  1962,  at  Augustana  Col¬ 
lege;  and  April  13-14,  1962,  at  Little  Grassy  Lake  Campus,  Southern  Illinois 
University. 


CENTRAL  OFFICE 

For  many  years  some  members  of  the  Academy  urged  the  establishment  of  a 
central  office  with  a  full-time  executive  secretary  who  would  maintain  the 
membership  list,  work  toward  increasing  the  membership,  handle  the  Academy 
publications  and  financial  affairs,  coordinate  volunteer  help,  and  secure  grants 
for  Academy  programs.  The  Ohio  Academy  of  Science  which  had  a  paid  executive 
and  office  staff  since  the  1950’s  served  as  a  model  for  Illinois. 

At  the  February  6,  1971,  Council  meeting  a  central  office  was  approved  as  of 
May  1,  1971,  with  Nathan  R.  Brewer,  University  of  Chicago  emeritus  professor  of 
physiology,  as  the  executive  secretary.  Brewer  continued  as  executive  secretary  for 
two  years  but  financial  problems  were  never  solved  and  as  of  May  1,  1973,  the 
Academy  office  was  located  at  the  Illinois  State  Museum  with  a  part-time 
secretary,  Lettie  Diekroeger.  She  was  succeeded  by  Marilyn  Bacon  in  1974  and  by 
Patricia  Zimmerman  in  1978. 

LEGISLATIVE  REFERENCE 

From  the  beginning  the  Academy  recognized  its  potential  value  as  an  infor¬ 
mation  source.  In  Crook’s  presidential  address  in  1915,  for  example,  he  suggested 
that  the  Academy  serve  as  a  legislative  reference  bureau: 

In  return  for  State  aid  what  could  the  Academy  offer? 
Consisting  as  it  does  of  experts  in  all  departments  of  science  it 
could  most  appropriately  and  safely  be  made  a  legislative 
reference  bureau  of  the  highest  type  for  certain  things,  and  in  a 
short  time  could  more  than  justify  its  existence  by  expert  ad¬ 
vice.3 
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In  the  1960’s  and  1970’s  this  proposed  function  of  the  Academy  received 
renewed  attention.  At  the  April  27,  1968,  Council  meeting  a  decision  was  made  to 
cooperate  with  the  Illinois  Legislation  Council  to  explore  the  possiblity  of  the  use 
of  Academy  expertise  in  solving  governmental  problems. 

In  1969,  State  Representative  James  D.  Nowlan  requested  in  Illinois 
Legislative  Council  Proposal  661  that  the  Illinois  Legislative  Council  explore  the 
possibility  of  developing  liaison  with  such  groups  as  the  Academy,  the  Illinois 
Science  Advisory  Council  which  had  been  created  in  1967,  and  the  State  Board  of 
Higher  Education,  so  that  scientific  information  essential  for  good  legislation 
could  be  readily  available  to  legislators. 

On  April  24,  1970,  the  annual  meeting  included  a  symposium  entitled  “A 
New  Role  for  the  Academy”.  Aristotel  J.  Pappelis  summarized  the  Academy’s  pro¬ 
blems  as  he  saw  them,  suggested  the  sponsorship  and  publication  of  symposia  and 
the  development  of  the  Academy  as  an  advisory  group  to  state  government  as  par¬ 
tial  solutions,  and  introduced  the  speakers:  State  Senator  Alan  J.  Dixon,  Milton  D. 
Thompson,  and  Andreas  Paloumpis.  Dixon  heartily  supported  the  Academy  when 
he  said 

It  is  clear,  ladies  and  gentlemen,  that  the  Academy  is  the 
only  statewide  organization  qualified  to  coordinate  all  of  the 
various  scientific  interests  of  the  state  in  undertaking  the  task 
of  becoming  an  official  advisory  body  to  the  state  on  scientific 
and  technical  matters.  I  propose  for  your  consideration  that 
the  Academy  undertake  this  critically  important  function.4 

A  resolution  passed  at  the  1970  annual  meeting  designated  Milton  D.  Thomp¬ 
son,  director  of  the  State  Museum,  the  liaison  between  members  of  the  Academy 
and  state  legislators  and  the  executive  office.  George  Sprugel,  Jr.,  chief  of  the 
State  Natural  History  Survey,  in  a  June  2,  1970,  letter  to  Rep.  Nowlan  supported 
the  Academy  liaison  but  also  made  clear  that  the  state  scientific  surveys  and  the 
State  Museum  would  always  be  available  with  technical  expertise  also. 

In  1971  the  Academy  joined  with  the  Legislative  Council  in  applying  to  the 
National  Science  Foundation  for  an  Intergovernmental  Science  Program  Grant  to 
support  a  legislative  staff  scientist  who  would  serve  as  liaison  between  Illinois 
legislators  and  scientists-.  The  proposal  included  partial  funding  for  an  executive 
secretary  to  serve  as  the  assistant  and  primary  contact  for  the  legislative  staff 
scientist.  Illinois  Public  Act  77-122,  Intergovernmental  Science  Program,  was  ap¬ 
proved  June  23,  1971,  allowing  the  Legislative  Council  to  accept  and  administer 
such  grants  from  the  federal  government,  but  the  grant  application  was  never 
funded  by  NSF. 


RELATIONSHIPS  TO  THE  STATE  MUSEUM  AND 
THE  STATE  SCIENTIFIC  SURVEYS 

The  Academy’s  close  ties  with  the  State  Museum  continued  throughout  its 
first  75  years.  In  1925,  Alja  R.  Crook  referred  to  the  symbiotic  relationship  which 
he  had  envisioned  at  the  founding  of  the  Academy  and  which  quickly  developed 
when  he  stated: 

The  Academy  has  always  been  helpful  to  the  Museum. 

Five  members  of  our  Board  are  members  of  the  Academy. 
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Many  members  have  striven  in  various  ways  to  promote  the  in¬ 
terests  of  the  Museum.  The  Academy  as  an  institution  has  at 
various  times  taken  action  tending  to  increase  the  effectiveness 
of  the  Museum.  For  this  relationship  we  are  very  grateful,  and 
we  hope  that  as  in  each  succeeding  year  the  younger  members 
take  the  place  of  the  older  men  of  strength  in  our  company,  the 
younger  members  too  may  keep  a  watchful  eye  upon  this  in¬ 
stitution  and  be  always  ready  to  lend  their  influence  to  the  end 
that  good  work  may  be  done  here.5 

Arthur  S.  Coggeshall  succeeded  Alja  R.  Crook  as  chief  of  the  State  Museum  in 
1931.  Coggeshall  resigned  in  1937  and  was  succeeded  by  Thorne  Deuel  in  1938. 
During  World  War  II,  John  C.  McGregor  served  as  acting  head  of  the  Museum. 
Deuel  returned  to  the  State  Museum  after  wartime  service  and  remained  as  direc¬ 
tor  through  1962.  He  was  succeeded  by  Milton  D.  Thompson  in  1963  and  Thomp¬ 
son  was  succeeded  by  R.  Bruce  McMillan,  the  current  director,  in  1977. 

Three  State  Museum  heads  have  served  as  Academy  president:  Alja  R.  Crook, 
1914-15;  Thorne  Deuel,  1948-50;  and  Milton  D.  Thompson,  1967-68.  In  addition, 
many  other  Museum  staff  members  have  served  as  Academy  officers  and  members 
of  committees.  The  State  Museum  budget  request  to  the  Legislature  includes 
funding  for  the  Academy’s  Transactions ,  and  the  State  Museum  provides  a  staff 
member  to  serve  as  Academy  librarian,  as  well  as  space  for  the  Academy  office  in 
the  State  Museum  building  in  Springfield. 

The  State  scientific  surveys  and  the  board  that  administers  them,  the  Board 
of  Natural  Resources  and  Conservation,  have  also  supported  the  Academy.  Three 
Geological  Survey  chiefs  in  the  past  75  years  have  been  president  of  the  Academy: 
Frank  W.  DeWolf,  1913-14;  Morris  M.  Leighton,  1929-30;  and  John  C.  Frye, 
1962-63;  and  four  Natural  History  Survey  heads  have  been  president:  Stephen  A. 
Forbes,  1909-10;  Theodore  H.  Frison,  1941-42;  Leo  R.  Tehon,  acting  chief  of  the 
Natural  History  Survey,  1946-47;  and  Harlow  B.  Mills,  1958-59.  Many  staff 
members  of  the  scientific  surveys  have  also  been  active  in  the  Academy. 

The  State  Museum  and  the  three  scientific  surveys  were  transferred  from  the 
Department  of  Registration  and  Education  to  the  new  Illinois  Institute  of  Natural 
Resources  effective  January  1,  1979. 


RESOLUTIONS 

The  State  Museum  had  been  housed  in  the  Centennial  Building  since  the 
1920’s  and  space  soon  became  inadequate  for  the  staff  and  collections.  The 
Academy  on  many  occasions  passed  resolutions  urging  the  Legislature  to  provide 
adequate  space  for  the  Museum.  Finally  funds  were  appropriated  for  a  State 
Museum  building  and  ground-breaking  ceremonies  were  held  on  January  5,  1961. 
The  Academy’s  State  Museum  Building  Committee  was  therefore  discharged  on 
April  28,  1961. 

Some  of  the  issues  that  the  Academy  supported  in  its  third  25  years,  in  addi¬ 
tion  to  a  new  State  Museum  building,  were  the  designation  of  Jackson  Hollow  as  a 
natural  and  scientific  area,  the  establishment  of  a  state  nature  preserves  system, 
continued  efforts  to  save  the  prairie  chicken,  the  use  of  unclaimed  pound  animals 
in  research,  the  use  of  live  animals  in  the  public  schools,  regulation  of  air  and 
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water  pollution,  protection  of  Lusk  Creek  Canyon,  and  preservation  of  scientific 
study  areas  neighboring  the  Oakley  Reservoir. 

SUMMARY 

During  its  third  25  years,  the  Academy  encouraged  research  and  improved 
science  education  as  it  had  in  its  first  50  years.  The  Illinois  Junior  Academy  of 
Science  became  an  independent  organization  in  1967.  National  Science  Founda¬ 
tion  grants  helped  support  the  Junior  Academy  for  a  time  and  also  supported  a 
visiting  scientists  program  and  a  series  of  seminars  for  high  school  biology 
teachers . 


CONCLUSIONS 

The  Academy’s  purposes,  the  promotion  of  scientific  research,  the  diffusion 
of  scientific  knowledge,  and  the  unification  of  the  scientific  interests  of  the  State, 
are  achieved  primarily  by  its  annual  meetings  and  by  the  publication  of  its  Tran¬ 
sactions.  The  annual  meetings  provide  a  forum  for  scientists  and  students  to  pre¬ 
sent  the  results  of  their  research,  some  of  which  is  subsequently  published  in  the 
Transactions.  The  papers  in  the  Transactions  are  abstracted  in  many  of  the  major 
indexing  and  abstracting  services  such  as  Bibliography  of  Agriculture , 
Bibliography  and  Index  of  Geology ,  Biological  Abstracts ,  and  Chemical  Abstracts 
so  they  become  known  to  the  world  scientific  community. 

The  Academy’s  other  major  contribution  has  been  to  science  education.  A 
now  independent  Illinois  Junior  Academy  of  Science  was  formed  by  the  Illinois 
State  Academy  of  Science  in  the  late  1920’s.  It  was  the  first  state  junior  academy  in 
the  nation  and  served  as  the  stimulus  for  the  junior  academy  movement  in  the 
United  States. 

The  challenge  to  the  Academy  in  the  future  is  to  increase  its  membership, 
maintain  the  quality  of  its  annual  meeting,  symposia,  and  Transactions ,  and  con¬ 
tinue  to  encourage  students  in  their  professional  development. 
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ABSTRACT 

Recovery  of  a  distal  portion  of  a  left  humerus  of  the  Pomarine  Jaeger,  Ster- 
corarius  pomarinus  (Temminck),  at  the  Orendorf  Site,  a  large  Middle  Mississip- 
pian  village  situated  on  the  Illinois  River  bluff,  Fulton  County,  Illinois,  represents 
the  first  prehistoric  record  of  this  Arctic  species  for  the  state.  The  total  avian 
assemblage  reflects  a  concentrated  exploitation  of  the  Illinois  River  and  associated 
bottomland  habitats  by  the  aboriginal  inhabitants  of  this  site. 

INTRODUCTION 

The  Orendorf  Site  (11F1284),  an  extensive  prehistoric  habitation  site  com¬ 
prised  of  four  or  five  sequentially  occupied  areas,  at  least  three  of  which  were 
towns,  has  been  recognized  as  belonging  to  the  Middle  Mississippian  Spoon  River 
Culture.  Radiocarbon  dates  have  placed  the  major  period  of  occupation  at  c.  AD 
1100  -  1250  (Bender  et  al.,  1973,  1975).  Archaeological  investigations  were  carried 
out  periodically  from  1972  to  1979  under  the  auspices  of  the  Upper  Mississippi 
Valley  Archaeological  Research  Foundation  and  Western  Illinois  University, 
Macomb,  during  which  time  huge  quantities  of  lithic,  ceramic,  and  faunal 
materials  were  recovered.  This  site  is  situated  on  the  Illinois  River  bluff  about  5 
km  west  of  the  main  channel  and  10  km  southeast  of  Canton,  Fulton  County,  Il¬ 
linois.  It  was  ideally  placed  for  maximum  exploitation  by  the  aboriginal  in¬ 
habitants  of  both  upland  food  resources  and  the  abundant  and  varied  animal 
species  inhabiting  the  Illinois  River  bottomlands  and  associated  sloughs  and  lakes. 
In  addition  to  the  large  quantity  of  fish,  reptile  (particularly  turtle),  and  mammal 
(especially  white-tailed  deer)  remains  recovered  at  the  Orendorf  Site,  those  of 
birds  were  also  abundant  and  reflect  a  diversity  of  habitats  hunted  by  the  oc¬ 
cupants.  However,  it  is  apparent  from  the  quantity  of  aquatic  and  semi-aquatic 
species  represented  in  the  avian  assemblage  from  the  Orendorf  Site  that  the  Il¬ 
linois  River  and  associated  marsh  and  slough  areas  were  the  primary  habitats  ex¬ 
ploited  for  birds. 
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MATERIALS  AND  METHODS 

Bird  remains  recovered  from  the  Orendorf  Site  were  used  as  the  basis  for  an 
MA  thesis  by  Speth  while  a  graduate  student  at  the  University  of  Wisconsin- 
Madison.  Comparative  osteological  collections  housed  in  the  University  of 
Wisconsin  Zoology  Museum,  Madison,  were  utilized  for  the  identification  of  most 
of  the  avain  remains;  for  the  determination  or  verification  of  certain  questionable 
specimens,  collections  housed  in  the  Zooarchaelolgical  Section,  Department  of 
Anthropology,  University  of  Tennessee,  Knoxville  were  used.  A  total  of  approx¬ 
imately  3,020  bird  bones  were  examined  during  this  study  of  which  31%  were 
identified  to  either  genus  or  species;  and  additional  23%  of  the  elements  could  be 
determined  to  family  (e.g.  rails,  Rallidae;  ducks,  Anatidae:  Speth  1981).  Faunal 
materials  recovered  at  the  Orendorf  Site  will  eventually  be  housed  in  the  Ar¬ 
chaeological  Research  Laboratory,  Western  Illinois  University. 


DISCUSSION 

There  have  been  several  reports  dealing  with  the  avifauna  recovered  from 
aboriginal  sites  located  along  the  Illinois,  Mississippi,  and  other  Illinois  rivers. 
The  species  assemblages  from  all  of  these  sites,  e.g.  Fisher  (Kankakee  River:  Par- 
malee  1962a),  Kingston  Lake  (Illinois  River:  Parmalee  (1962b),  Crawford  Farm 
(Rock  River:  Parmalee  1964),  and  Cahokia  (Mississippi  River:  Parmalee  1958, 
1975;  Kelly  1979)  were  dominated  by  the  remains  of  aquatic  and  semi-aquatic 
birds  with  those  of  waterfowl  usually  comprising  65-75%  of  the  identifiable 
elements.  Concentrations  of  swans,  geese,  and  ducks  along  many  of  these  major 
rivers  during  migrations  provided  the  Indian  with  an  important  food  resource 
that  was  apparently  exploited  to  the  fullest. 

In  addition  to  providing  data  on  the  food  economy  of  aboriginal  man,  bird 
remains  (as  well  as  those  of  other  vertebrates  and  mollusks)  from  archaeological 
sites  often  furnish  other  data  on  the  former  relative  abundance  and  distribution  of 
species  and  occasionally  evidence  of  special  uses  of  a  bird  or  its  elements  in  the  In¬ 
dian’s  social,  ceremonial,  or  economic  activities.  Remains  of  the  Trumpeter  Swan 
(Olor  buccinator ),  for  example,  once  a  common  migrant  along  the  Mississippi 
River,  were  recovered  in  large  numbers  at  two  sites  (Parmalee  1964,  1975);  this 
large  bird  was  undoubtedly  a  valued  food  resource  and  its  major  wing  and  leg 
bones  were  often  fashioned  into  whistles  and  various  tools.  Recovery  of  a  skelton 
of  the  Roseate  Spoonbill  (Ajaia  ajaja)  in  a  Hopewellian  tomb  at  the  Gibson  Mound 
Site,  Calhoun  County  (Parmalee  and  Perino  1970)  suggests  that  a  special  symbolic 
or  ceremonial  significance  was  attached  to  this  formerly  rare  summer  resident  in 
central  and  southern  Illinois. 

Approximately  50  species  of  birds,  representing  20  families  and  a  minimum 
of  207  individuals,  were  identified  from  the  Orendorf  Site  faunal  sample.  Like 
other  avifaunas  reported  from  aboriginal  sites  situated  along  the  major  rivers  in  Il¬ 
linois,  elements  of  waterfowl  and  other  aquatic  (grebes,  coots)  and  semi-aquatic 
(rails,  Ardeidae)  species  predominated;  they  comprised  about  88%  of  all  iden¬ 
tifiable  (f amily/genus/species)  bones  from  this  site.  The  most  interesting  avian 
record  to  appear  in  the  Ordendorf  Site  faunal  assemblage  was  that  of  the 
Pomarine  Jaeger,  Stercorarius  pomarinus  (Temminck);  this  determination  was 
based  on  the  distal  end  section  of  a  left  humerus  (Fig.  1)  that  measured  c.  34  mm 
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in  length.  There  was  slight  damage  to  the  specimen,  apparently  during  its 
removal,  that  resulted  in  loss  of  a  narrow  sliver  of  the  shaft  and  the  tip  of  the 
ectepicondylar  prominence.  The  bone  occurred  in  the  fill  of  Structure  25,  an 
abandoned  house  which  was  located  in  the  site  area  designated  as  Settlement  C, 
and  area  of  approximately  five  acres  and  representing  possibly  three  slightly  dif¬ 
ferent  periods  of  occupation  (Santure  1981). 

There  are  three  recognized  species  of  jaegers,  the  Pomarine,  Parasitic  (Ster- 
corarius  parasiticus ),  and  the  Long-tailed  Jaeger  ( Stercorarius  longicaudus) ;  all 
three  are  pelagic  birds  for  the  most  part  and  range  throughout  Arctic  circumpolar 
waters.  During  fall  migration  jaegers  move  southward  (in  the  northern 
hemisphere)  and  winter  offshore  along  the  coasts  of  North  America  with  a  few  in¬ 
dividuals  occasionally  wandering  inland  along  major  rivers  and  lakes.  Bohlen 
(1978)  records  all  three  jaegers  as  rare  to  very  rare  fall  migrants  in  Illinois  and,  for 
the  Pomarine  Jaeger,  lists  only  two  valid  sight  records  and  two  previously  publish¬ 
ed  but  unverified  records.  Apparently  there  are  no  extant  specimens  collected  in 
Illinois. 

The  recovery  of  an  element  of  the  Pomarine  Jaeger  at  the  Orendorf  Site  poses 
some  interesting  questions:  was  this  pelagic  bird  a  more  common  migrant  in  cen¬ 
tral  Illinois  during  prehistoric  times,  did  the  Indian  recognize  this  jaeger  as 
something  “different”  or  unusual  and  made  a  special  effort  to  obtain  it,  or  was  it 
simply  taken  along  with  other  birds  by  a  hunting  party  along  the  Illinois  River? 
There  is  no  zooarchaeological  evidence  to  suggest  that  this  species  was  more 
numerous  in  the  Midwest  700-800  years  ago  than  it  is  today.  Jaegers  appear 
similar  to  gulls  ( Larus )  to  which  they  are  closely  related,  so  one  of  these  birds 
would  not  appear  particularly  distinct  on  the  basis  of  plumage  or  form.  Gulls 
(fish-eating  birds)  in  general  are  poorly  represented  in  aboriginal  sites;  they  may 
have  been  ignored  as  possibly  being  an  undesirable  food  resource  although  other 
fish-eating  species  including  grebes,  cormorants,  and  mergansers  were  often  taken 
in  considerable  numbers.  For  whatever  reason  this  bird  was  taken  by  the 
aboriginal  inhabitants  of  the  Orendorf  Site,  this  humerus  section  represents  the 
first  prehistoric  record  of  the  Pomarine  Jaeger  in  Illinois.  It  implies  occupation  of 
the  village  at  least  during  the  fall,  and  it  indicates  -  along  with  the  predominance 
of  other  aquatic  species  comprising  the  avifauna  -  that  the  Illinois  River  and 
associated  bottomland  sloughs  and  marshes  were  the  primary  habitat  exploited  for 
birds. 
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FIGURE  1.  Distal  left  humerus  of  the  Pomarine  Jaeger  from  the  Orendorf  Site,  Fulton  County,  Illinois. 
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ABSTRACT 

Sporobolus  ozarkanus  Fern,  is  reported  for  Illinois  for  the  first  time. 
Numerous  individuals  of  this  taxon  were  found  in  two  disturbed  prairie  habitats 
along  a  railroad  in  Clay  County,  Illinois. 

Sporobolus  ozarkanus  Fern,  was  originally  discribed  from  specimens  col¬ 
lected  on  chert-glades  in  southwestern  Missouri  (Fernald,  1933),  and  is  now 
known  from  southern  Indiana,  Arkansas,  Tennessee,  northwestern  Georgia,  nor¬ 
thern  Alabama,  and  Mississippi  (Pohl,  personal  communication).  This  taxon  is 
similar  to  S.  neglectus  Nash  (Fernald,  1950)  and  has  been  reduced  to  synonomy 
under  that  species  (Gleason  and  Cronquist,  1963;  Hitchcock,  1950),  and  has  been 
considered  a  variety  of  that  species  (Steyermark,  1963).  Also,  it  has  been  con¬ 
sidered  a  variety  of  S.  vaginiflorus  (Torr.)  Wood  (Shinners,  1954),  and  Steyer¬ 
mark  (1963)  suggests  that  S.  ozarkanus  may  likely  be  judged  and  eventually 
proved  a  hybrid,  intermediate  between  S.  vaginiflorus  var.  vaginiflorus  and  S. 
neglectus  var.  neglectus. 

Sporobolus  ozarkanus  is  distinguished  from  related  taxa  by  conspicuous 
papillose-based  hairs  on  the  leaf-sheaths  and  blades.  Also,  its  relatively  large 
spikelets  (2. 7-4.0  mm  long)  and  grains  (2. 0-2. 6  mm  long)  are  characteristic  of  S. 
vaginiflorus ,  while  its  glabrous,  short-pointed  lemmas  and  its  blunt  paleas  are 
characteristic  of  S.  neglectus.  Furthermore,  in  the  Illinois  material  examined,  the 
lemma  and  palea  are  black  and  somewhat  indurate,  and  the  embryo  is  black 
while  the  rest  of  the  caryopsis  is  yellowish-brown. 

Illinois:  Clay  County:  edge  of  railroad  tracks,  open  prairie  area,  IV2  miles 
west  of  Flora  (NW^  Sec  34  T3N  R6E),  5  Oct.  1977,  J.  E.  Ebinger  16648  (EIU); 
13  Oct.  1980,  J.  E.  Ebinger  20425  (EIU).  Edge  of  railroad  tracks,  open  prairie 
area,  4  miles  west  of  Flora  (NEV4  Sec  6  T2N  R6E),  13  Oct.  1980,  J.  E.  Ebinger 
20423  (EIU). 
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ABSTRACT 

Whole  plant  steam  distillates  were  obtained  from  ten  common  solanaceous 
species  and  presented  to  excised  Manduca  sexta  moth  antennae  for  electroanten- 
nogram  (EAG)  analysis.  The  distillates  were  also  used  on  plant  surrogates  to  test 
for  attraction  for  oviposition  by  gravid  M.  sexta  moths.  All  samples  were  positive 
in  both  tests.  The  distillates  from  two  of  the  species,  tobacco  and  tomato,  were 
fractioned  with  various  chromatographic  techniques  and  the  fractions  tested  as 
were  the  whole  distillates.  A  number  of  fractions  retained  EAG  activity  but  none 
were  able  to  induce  oviposition. 

INTRODUCTION 

The  tobacco  hornworm,  Manduca  sexta  (Johan.),  as  many  other 
Lepidopterous  insects,  is  oligophagous.  In  the  wild  it  feeds  on  tobacco  ( Nicotiana 
tabacum),  tomato  (Lycopersicon  esculentum) ,  occasionally  horsenettle  ( Solanum 
carolinese)  and  Jimson  weed  (Datura  stramonium)  (Yamamoto  et  al.  1969).  In 
caged  situations,  however,  Manduca  sexta  has  been  shown  to  accept  numerous 
solanaceous  plants  for  both  oviposition  and  larval  food  sources  (Yamamoto  and 
Fraenkel  1960  a.c.).  In  their  study,  the  non-solanaceous  plants  tested  would  not 
induce  oviposition.  This  suggests  that  the  female  moth  is  able  to  discriminate 
among  potential  host  plants  at  two  levels.  First  the  moth  is  able  to  distinguish  a 
solanaceous  plant  from  plants  of  other  families,  and  second  it  is  able  to  choose  its 
preferred  host  from  among  the  available  solanaceous  plants  (Yamamoto  and 
Fraenkel  1960  c). 

The  female  M.  sexta  moth  is  attracted  to  a  plant  (or  to  a  leaf  surrogate)  for 
oviposition  by  compounds  insoluble  by  steam  distillation  (Yamamoto  and  Fraenkel 
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1960  b)  or  water  extraction  (Sparks  1970).  Crude  isolates  have  been  further  frac¬ 
tionated  via  various  chromatographic  techniques  and  tested  for  their  ability  to  at¬ 
tract  and  induce  oviposition  (Tichenor  and  Seigler  1980).  These  tests  indicate  both 
adult  and  larva  (Stadler  and  Hanson  1978)  are  attracted  to  a  specific  mixture  of 
volatiles  and  not  to  individual  compounds.  Electroantennogram  analysis  showed 
that  these  ovipositionally  active  mixtures  were  also  able  to  stimulate  antennal 
chemoreceptors  (Tichenor  and  Seigler  1980). 

In  this  paper  we  will  examine  attraction  by  ten  members  of  the  Solanaceae 
with  measurements  of  electrophysiological  and  ovipositional  responses  to  various 
extracts  and  gas  chromatographic  fractions. 

MATERIALS  AND  METHODS 

Living  Material 

The  insects  used  in  these  tests  were  obtained  as  pupae  from  the  USDA 
Agricultural  Research  Service  Tobacco  Research  Laboratory  in  Oxford,  North 
Carolina.  These  tobacco  hornworms  were  reared  on  artificial  diets  which  con¬ 
tained  no  solanaceous  plant  material.  The  pupae  were  maintained  in  humidity  at 
80%  until  the  emergence  of  the  adults.  At  this  time  they  were  placed  in  a 
cheesecloth -covered  cage  (1.3x1. 3x1. 3  meter),  fed  sucrose  solution  daily,  and 
allowed  to  mate.  After  two  or  three  days  the  insects  were  removed  for  use  in 
various  bioassays. 

Roth  tobacco  (variety  “Havana”  and  tomato  (var.  “Supersonic”)  were  grown 
in  greenhouses  at  the  University  of  Illinois.  Eggplant  ( Solarium  melongena ), 
potato  (S.  tuberosum ),  and  greenpepper  (Capsicum  grossum)  were  grown  locally 
in  gardens.  Five  non-cultivated  species  of  Solanaceae,  horsenettle,  Jimson  weed, 
ground  cherries  (Phy sails  subglabrata)  and  P.  heterophylla,  and  deadly 
nightshade  (Solarium  dulcamara );  were  collected  near  Champaign,  Illinois 
(USA).  Identification  was  based  on  Flora  of  Illinois  (Jones  1963). 

CHEMICAL  PROCEDURES 

Steam  distillates  were  obtained  with  a  modified  Clevinger  apparatus  (von 
Rudloff  1969).  Fresh  plant  material  was  placed  in  a  chamber  directly  above  a 
boiling  water  reservoir.  Steam  and  volatile  compounds  passed  upward,  were  con¬ 
densed,  and  collected  in  a  layer  of  ether. 

The  ether  layer  was  collected  after  each  distillation  and  concentrated  under 
nitrogen.  The  oils  were  stored  under  nitrogen  at  about  -10C. 

Gas  chromatography  (GLC)  of  solanaceous  plant  steam  distillates  was  car¬ 
ried  out  on  a  nickel  column  (3  mm  x  3  m)  packed  with  5%  XE-60  liquid  phase 
coated  on  a  support  (Gas  Chrom  Q).  Chromatograms  were  run  on  a  Packard- 
Becker  model  409  gas  chromatograph  programmed  from  50  to  220°  C  (5°  per  minute 
with  an  isothermal  post  injection  period  of  five  minutes).  Nitrogen  was  used  as  a 
carrier  gas  in  all  analytical  determinations  (flow  rate  of  25  ml  per  minute). 
Capillary  gas  chromatography  utilized  a  support  coated  open  tubular  (SCOT) 
Apiezon  L  column  (50  foot,  0.2  inch,  gas  flow  rate  4  ml  per  minute).  Preparative 
GLC  was  conducted  on  a  10  foot,  1/4"  diameter,  5%  XE  60  stainless  steel  column 
with  10:1  splitting  ratio.  Fractions  were  collected  in  16  gauge  syringe  needles 
cooled  with  dry  ice. 
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Mass  spectral  data  for  active  fractions  were  obtained  on  a  Varian  CH-7  sector 
field  mass  spectrometer  interfaced  with  a  B  -  system  Varian  620/i  computer.  This 
system  was  also  interfaced  with  a  highly  modified  Varian  gas  chromatograph 
equipped  with  3%  OV-1  column  (1/8  inch,  stainless  steel). 


BIOSASSAYS 

Ovipositional  assays  were  carried  out  in  a  cheesecloth  covered  cage 
(1.3x1. 3x2. 5  m).  Chemicals  to  be  tested  were  sprayed  onto  polyurethane  rec¬ 
tangles  (7x20  cm)  which  were  stapled  to  steel  wire  stems.  These  in  turn  were  in¬ 
serted  into  the  corner  posts  of  the  cage.  The  cage  was  surrounded  on  three  sides  by 
windows  which  provided  ample  light  for  oviposition.  A  large  exhaust  fan  main¬ 
tained  gentle  air  flow  through  the  room. 

Electroantennogram  (EAG)  data  were  obtained  as  previously  reported 
(Tichenor  et  al.  1979). 


RESULTS 

Both  aqueous  extracts  and  steam  distillates  of  tobacco  and  tomato  have 
previously  been  shown  to  be  ovipositionally  attractive  as  well  as  active  in  elec¬ 
troantennogram  analysis  for  female  Manduca  sexta  moths  (Yamamoto  and 
Fraenkel  1960  b,  Tichenor  and  Seigler  1980). 

Steam  distillates  of  ten  solanaceous  plants,  five  weedy  species  ( Datura 
stramonium,  Solanum  carolinense,  Solanum  dulcamara,  Physalis  heterophylla) 
and  five  cultivars  (tobacco,  tomato,  potato,  green  pepper,  and  eggplant)  were 
prepared  and  tested  in  the  flight  cage.  All  proved  attractive  (Table  1)  when  tested 
with  only  a  control  (surrogate  sprayed  with  water)  present.  The  steam  distillate 
from  the  non  solanaceous  plant,  Coleus  blumei,  would  not  induce  oviposition. 

Electroantennogram  activities  for  the  various  steam  distillates  were 
measured  and  all  solanaceous  plants  proved  positive.  EAG  response  was  measured 
in  milli-volts  and  reported  as  the  activity  relative  to  an  air  control  (Table  2). 

GLC  patterns  of  essential  oils  from  the  ten  plants  were  obtained  on  nickel  5  % 
XE-60  column  (1/8"  x  10")  (see  Figure  1).  One  major  area  of  similarity  is  apparent 
in  all  of  these  chromatograms:  the  presence  of  peaks  with  retention  times  of  41-42 
minutes.  These  peaks  were  collected  from  tobacco  and  tomato  from  a  1/4  inch  5% 
XE-60  column  and  subjected  to  further  analysis  with  capillary  chromatography. 
A  typical  capillary  chromatogram  indicated  that  over  twenty  compounds  were 
still  present  in  these  fractions.  EAG  analyses  of  these  peaks  from  tobacco  and 
tomato  fractions  were  positive.  Oviposition  tests  were,  however,  negative. 

Two  fractions  were  then  subjected  to  gas  chromatographic-mass  spectral 
analysis.  Data  obtained  from  this  analysis  revealed  that  both  the  tobacco  and 
tomato  fractions  show  an  unknown  compound  with  the  unusual  base  peak  of  173. 
The  main  components  of  the  tobacco  fraction  indentified  by  computerized 
literature  survey  and  subsequent  co-chromatography  with  standards  were  methyl 
palmitate  and  methyl  stearate,  neither  of  which  were  EAG  active. 

The  mass  spectrum  of  the  common  compound  with  the  base  peak  of  173 
showed  the  nine  major  peaks  to  be:  173(100),  41(51),  159(41),  91(41),  55(38), 
105(36),  93(35),  43(31),  79(30).  The  parent  peak  was  determined  to  be  204  and 
the  molecular  formula  C15H24O. 
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DISCUSSION 

Manduca  sexta  is  an  oligophagous  insect  capable  of  surviving  on  numerous 
members  of  the  Solanaceae.  Its  behavioral  patterns  however  are  more  closely 
monophagous  in  a  given  geographical  region.  This  situation  appears  similar  to 


Table  1.  Oviposition  Produced  by  Steam  Distillates  from  Solanaceous  Plants 


Steam  Distillate  of: 

eggs 

H2O  control 

moths 

Nicotiana  tabacum 

211 

13 

2 

Lycopersicon  esculentum 

183 

6 

2 

Physalis  subglabrata 

27 

11 

2 

Physalis  heterophylla 

78 

3 

2 

Solarium  carolinense 

92 

26 

3 

Solatium  dulcamara 

26 

13 

1 

Datura  stramonium 

114 

12 

2 

Solarium  tuberosum 

117 

12 

2 

Solatium  melongena 

105 

3 

2 

Capsicum  grossum 

50 

12 

2 

Coleus  blutnei * 

0 

0 

2 

*non  solanaceous  plant 


Table  2.  EAG  Activities  of  Plant  Steam  Distillates 

Material  Presented: 

EAG  response  (MV) 

Relative  EAG 

Activity 

Control 

1.05 

1 

Nicotiana  tabacum 

2.10 

2.1 

Lycopersicon  esculentum 

2.40 

2.3 

Solanum  dulcamara 

1.85 

1.8 

Solanum  carolinense 

1.85 

1.8 

Datura  stramonium 

1.80 

1.7 

Physalis  subglabrata 

2.60 

2.5 

Physalis  heterophylla 

2.15 

2.1 

Solanum  tuberosum 

2.60 

2.5 

Solanum  melongena 

2.30 

2.2 

Capsicum  grossum 

1.80 

1.7 

that  of  the  old  world  swallowtail,  Papileo  macheon  L.  as  described  by  Wiklund 
(1974).  For  this  butterfly  Wiklund  suggests  that  the  keys  used  by  both  the  adult  to 
induce  oviposition  and  the  larva  to  induce  feeding  are  genetically  determined.  It  is 
further  stated  that  theses  keys  are  distinguished  by  chemoreceptors  in  adults  and 
larvae  which  are  encoded  on  separate  gene  complexes  so  that  the  phytochemistry 
involved  in  the  insect’s  responses  may  be  different  for  the  adult  and  larvae.  Insect 
population  differences  may  also  play  a  role  in  the  determination  of  which  aspects 
of  a  plant’s  chemistry  will  induce  a  given  behavioral  response. 
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To  make  the  situation  more  complex  it  seems  that  both  the  larva  (Stadler  and 
Hansen  1978)  and  the  adult  M.  sexta  (Tichenor  and  Seigler,  1980)  respond  to  com¬ 
plex  chemical  mixtures  and  not  simply  to  one  or  two.  compounds. 
Chromatographic  separations  to  fractions  of  about  20  compounds  give  mixtures 
which  have  lost  the  ability  to  induce  biological  responses.  Numerous  individual 
compounds  have  also  been  shown  to  be  discerned  by  excised  antennae  (Tichenor 
and  Seigler,  1980;  Adler  and  Jacobson  1972),  but  induce  no  behavioral  modifica¬ 
tion  in  the  intact  insect. 

M.  sexta  has  been  shown  to  oviposit  in  caged  situations  on  all  ten  solanaceous 
species  tested  in  this  work  (Yamamoto  and  Fraenkel,  1960).  Limited  field  observa¬ 
tions  (in  Champaign  Co.  and  Macon  Co.,  Illinois,  USA)  by  the  author,  and  by 
others  (Yamamoto  et  al.  1969)  indicate  that  the  moth  very  rarely  oviposits  on 
anything  but  tobacco  and  tomato;  although  one  large  population  of  Physalis 
subglabrata  near  Decatur,  Illinois  was  found  to  be  heavily  infested  with  larvae. 

Electroantennogram  analysis  reveals  that  despite  this  essentially 
monophagous  behavior  the  moth  is  able  to  detect  volatiles  of  the  remaining 
Solanaceae,  and  in  caged  situations  will  oviposite  in  response  to  them.  Gas 
chromatographic  patterns  of  the  essential  oils  from  these  ten  species  show  at  least 
one  peak  among  them  is  similar.  Isolation  of  this  peak  from  tobacco  and  tomato 
gives  a  strongly  EAG  active  fraction  which  is,  however,  unable  to  induce  oviposi- 
tion.  Mass  spectral  analysis  of  these  tobacco  and  tomato  fractions  reveals  one  com¬ 
pound  which  may  be  the  same  in  both  plants.  The  compound  has  been  deter¬ 
mined  to  have  the  molecular  formula  C15H24O. 

The  plant-insect  interactions  between  members  of  the  Solanaceae  and  Man- 
duca  sexta  are  complex.  The  female  moth  utilizes  a  wide  range  of  sensory  input  to 
determine  a  proper  host.  Numerous  chemicals  are  sensed  via  olfaction  as  well  as 
tactile  receptors  (Yamamoto  et  al.  1969).  This  information  is  correlated  with 
visual  perception  and  the  moth’s  evaluation  of  the  physical  nature  of  the  substrate 
(Sparks  1970).  A  combination  of  all  these  factors  ultimately  leads  to  the 
behavioral  response  commonly  known  as  oviposition. 
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N.  tabacum 


FIGURE  1.  Gas  Chromatograms  of  Solanaceous  Steam  Distillates 

Typical  chromatograms  from  three  of  the  ten  solanaceous  species  tested  (run  on  a  2mm  x  3m  nickel  col¬ 
umn  with  5%  XE-60  on  gas  chrom  Q,  programmed  from  50  to  220 °C.  The  peak  mentioned  in  the  text 
appears  slightly  after  the  220°  mark. 
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ABSTRACT 

Ketoaldehyde  concentrations  were  measured  in  the  eutelic  nematode 
Panagrellus  silusiae  and  were  found  to  be  about  16  times  higher  in  the  juvenile 
(L2)  than  in  the  adult  stage.  The  high  ketoaldehyde  concentration  in  the  L2  stage 
is  correlated  with  the  lack  of  cellular  proliferation  that  is  characteristic  of  the 
eutelic  condition.  In  later  stages  there  is  an  increase  in  cell  division  accompanying 
the  development  of  the  gonads.  Ketaldehyde  levels  were  found  to  decrease  during 
this  period  of  maturation.  The  role  that  ketoaldehydes  play  in  the  nematode 
eutelic  system  and  the  clear  biochemical  delineation  between  the  L2-L3  (eutelic) 
and  the  L4-adult  (gametic)  phases  of  the  life  cycle  are  discussed. 

INTRODUCTION 

Two  decades  of  work  by  numerous  researchers  have  shown  that  methyl 
glyoxal  and  related  ketoaldehydes  effectively  inhibit  the  multiplication  of 
cultured  prokaryotic  and  eukaryotic  cells  (Egyud,  MacLaughlin  and  Szent- 
Gyorgyi,  1967;  Egyud  and  Szent-Gyorgyi,  1966a,  1966b;  French  and  Freelander, 
1958;  Gregg,  1968).  Szent-Gyorgyi  (1967)  has  suggested  that  the  glyoxalase  system 
(glyoxalase  I  and  II,  glutathinone,  glyoxals,  and  their  corresponding  hydroxy 
acids)  is  intimately  involved  in  the  process  of  cell  division,  and  that  a  balance  of 
related  cellular  ketoaldehydes  is  essential  for  the  maintenance  of  normal  growth 
patterns. 

Eutely  is  the  state  of  having  a  fixed  number  of  somatic  nuclei  throughout  the 
life  of  the  individual.  The  nematode  Panagrellus  silusiae  is  an  ideal  organism  for 
the  study  of  compounds  involved  in  cell  division  since,  in  this  eutelic  system,  there 
is  very  little  somatic  cell  division  after  embryological  differentiation  is  complete. 
We  started  with  the  assumption  that  ketoaldehyde  levels  would  be  uniquely 
predictable  during  a  given  stage  in  the  life  history  in  a  eutelic  system. 

Panagrellus  (Anguillula)  silusiae  (de  Man,  1913;  Goodey,  1945)  is  a  freeliving 
ovoviviparous  nematode.  The  first  of  four  molts  during  larval  developement  oc¬ 
curs  within  the  egg,  so  that  the  first  free-swimming  stage  is  the  second  larval  stage 
(L2)  which  averages  350  ±  50  microns  in  length  (Samoiloff  and  Pasternak,  1969). 
We  have  named  the  second  and  third  larval  stages  (L2  and  L3)  the  eutelic  period , 
during  which  there  is  relative  somatic  nuclear  -  and  therefore  cell  number  -  con- 
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stancy.  The  last  larval  stage  (L4)  and  the  adult  stage  comprise  the  gametic  period 
during  which  rapid  gametogenesis  occurs.  We  wish  to  show  that  ketoaldehyde 
levels  are  high  during  the  eutelic  period  and  low  during  the  gametic  period. 

MATERIALS  AND  METHODS 

Cultures  of  P.  silusiae  (MacMillan  Science  Company)  were  maintained  in 
plastic  refrigerator  boxes  at  21  to  23  °C  on  a  medium  of  1  part  Gerber  Mixed 
Cereal  to  1  part  tap  water.  Worms  migrated  up  the  sides  of  the  containers  and 
were  scraped  from  the  sides  relatively  free  of  adhering  medium,  and  in  large 
numbers.  Worms  were  added  to  cold  0.25  M  sucrose  in  graduated  Pyrex  cen¬ 
trifuge  tubes  until  they  settled  to  a  volume  of  2  to  3  ml  and  they  were  washed  6 
times  with  centrifugation  at  2500  x  g  for  3  to  4  minutes.  The  worms  were  then 
quickly  rinsed  three  times  in  distilled  deionized  water  to  remove  the  sucrose,  and 
were  separated  by  size  as  outlined  by  Samoiloff  and  Pasternak  (1969).  Equal 
volumes  of  0.500-0.420  mm  and  0.297-0.250  mm  spherical  glass  beads 
(Microbeads  Cataphote  Division,  Jackson,  Miss.)  were  mixed  and  placed  in  a  125 
ml  cylindrical  separatory  funnel  to  a  depth  of  5  cm.  The  worms  and  100  ml  dis¬ 
tilled  deionized  water  were  added  slowly  and  allowed  to  drip  out  at  a  rate  of  1 
drop  per  second.  The  L2  worms  readily  passed  through  the  beads  while  the 
passage  of  the  larger  worms  was  inhibited.  The  first  50  ml  of  effluent,  containing 
numerous  L2  worms  and  no  larger  ones,  was  collected  and  centrifuged  at  2500  x 
g.  Adult  and  late  larval  worms  were  collected  form  the  top  of  the  funnel  after 
removal  of  the  L2  stage;  about  70%  of  the  worms  collected  in  this  manner  were 
adult  or  late  larval. 

A  known  volume  of  washed  and  separated  worms  was  homogenized  in  an 
equal  volume  of  distilled  deionized  water  in  a  3  ml  pyrex  tissue  homogenizer,  and 
the  homogenate  was  separated  into  1  ml  samples  for  replicate  studies;  0.1  ml  of 
the  homogenate  was  used  to  determine  protein  content  following  the  Lowry  et  al. 
(1951)  technique.  Ketoaldehyde  determination  followed  the  Egyud  et  al.  (1967) 
technique  for  rat  liver  ketoaldehyde  determinations.  The  Ar03  used  by  Egyud  et 
al.  was  omitted  as  the  amount  required  was  prohibitively  small  for  the  sample  size 
involved.  The  reaction  mixture  contained  1  ml  each  of  worm  homogenate  with  a 
known  protein  content,  glacial  acetic  acid  and  EDAM  reagent  (10  ml  ethylene 
diamine  in  75  ml  methanol)  plus  2  ml  of  50%  methanol.  This  mixture  was  placed 
in  a  15  ml  screwtop  test  tube  in  boiling  water  for  10  minutes.  The  mixture  was 
cooled  and  centrifuged  at  2500  x  g  for  10  minutes  to  give  a  clear  yellow  superna¬ 
tant.  The  per  cent  transmission  was  measured  at  372  m/i  in  a  Beckman  DB-GT 
grating  spectrophotometer  (slit  #1)  against  a  standard  using  known  concentrations 
of  methyl  gloyoxal.  An  0.666  M  solution  of  methyl  glyoxal  (methyl  glyoxal 
grade  II,  40%  w/v  aqueous  solution,  Sigma  Chemical  Co.)  was  made  daily  as  a 
stock  for  the  standardization. 


RESULTS 

Forty-five  samples  of  the  unseparated  population  were  measured  for 
ketoaldehyde  content.  Thirty-three  adult  and  seven  L2  samples  were  measured. 
The  specific  activity  of  ketoaldehydes  was  calculated  on  the  basis  of  100  ug 
cellular  protein  per  ml.  Ketoaldehyde  levels  of  stages  of  the  life  cycle  in 
Panagrellus  silusiae  are  summarized  in  the  following  table  (Table  1). 
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DISCUSSION 

Panagrellus  silusiae  has  been  shown  by  Pasternak  and  Samoiloff  (1972)  to 
have  an  exceedingly  low  rate  of  mitosis  during  the  approximately  50  hours  of  the 
eutelic  period.  Pasternak  and  Haight  (1975)  have  studied  embryogenesis  in  P. 
silusiae,  and  their  published  data  suggest  that  the  onset  of  cell  division  inhibition 
in  the  eutelic  system  of  P.  silusiae  is  at  the  ninth  round  of  nuclear  division,  from 
the  256  cell  stage  (LI)  to  the  so-called  512  cell  stage  (L2)  which  has  about  400 
nuclei.  The  total  growth  period  for  P.  silusiae  requires  80  to  90  hours  with  the 
second  generation  larvae  first  appearing  after  about  120  hours  (Samoiloff  and 
Pasternak,  1968,  1969;  Chow  and  Pasternak,  1969).  There  is  an  average  of  410 
somatic  nuclei  in  the  L2  stage  and  553  in  the  adult  stage  (Sin  and  Pasternak, 
1970),  indicating  that  P.  silusiae  departs  from  perfect  eutely  by  about  26%  during 
the  entire  life  span,  and  only  by  about  18%  during  the  eutelic  period.  Thus  the 
large  increases  in  size  from  350  to  over  1000  microns  are  accomplished  primarily  by 
an  increase  in  cell  volume.  This  deviation  from  perfect  eutely  may  cause  an  eleva¬ 
tion  of  the  ketoaldehyde  levels  in  the  adult  samples. 

Pasternak  and  Samoiloff  (1972)  demonstrated  a  large  jump  in  the  rate  of 
postembryonic  DNA  synthesis  as  indicated  by  a  continuously  increasing  rate  of 
3H-thymidine  incorporation.  They  showed  a  22  x  increase  during  the  eutelic 
period  followed  by  only  an  additional  4  x  increase  during  the  gametic  period.  This 
early  large  increase  in  DNA  occurs  without  a  large  increase  in  cell  number;  the 
relatively  small  increase  in  the  number  of  somatic  nuclei  (1,  3  x)  is  limited  to  in¬ 
testinal  and  tissues,  while  the  hypodermis  and  nerve  tissues  remain  constant.  The 
large  increase  in  DNA  synthetic  rate  (87  x)  without  a  correspondingly  large  in¬ 
crease  in  the  amount  of  nuclear  division  is  best  explained  by  the  development  of 
polyploidy,  although  the  possibility  of  polyteny  cannot  be  eliminated.  The  L2 
muscle  nuclei  show  an  essentially  diploid  value,  but  the  muscle  nuclei  of  the  L3, 
L4  and  adult  stages  show  a  slightly  greater  than  diploid  value.  In  intestinal  nuclei, 
the  values  jump  quickly  from  the  diploid  level  in  the  L2  to  an  average  3.5  x  the  ex¬ 
pected  diploid  2C  value  in  L4.  This  increase  fell  into  three  classes  reflecting  ploidy 
values  of  4C,  8C  and  16C  (Sin  and  Pasternak,  1970).  Sin  and  Pasternak  (1970)  also 
showed  a  varying  increase  in  cell  volume,  1  to  2  x  for  nerve,  muscle  and  hypoder¬ 
mis,  and  as  much  as  12  x  for  intestinal  cells.  This  increase  in  cell  volume  is  also  to 
be  expected  in  tissues  that  are  undergoing  polyploidy. 

Ketoaldehydes  inhibit  division  in  prokaryotes  (Egyud  and  Szent-Gyorgyi, 
1966b)  as  well  as  in  eukaryotes  (French  and  Freelander,  1958;  Szent-Gyorgyi  et 
al.,  1967;  Gregg,  1968).  If  ketoaldehydes  are  involved  in  the  natural  inhibition  of 
cell  division  in  P.  silusiae,  it  is  expected  that  the  levels  of  ketoaldehydes  would  be 
high  during  the  eutelic  period,  and  would  fall  during  the  gametic  period  to  allow 
gametogenesis.  Our  data  confirm  this.  We  show  a  high  level  for  the  L2  larvae  and 
a  low  level  for  the  L4  plus  adult  sample;  the  levels  differ  by  a  factor  of  16.  As  the 
only  discernable  difference  between  the  groups  was  age,  we  suggest  that  the  levels 
of  ketoaldehydes  decrease  as  a  function  of  larval  maturation. 

Although  ketoaldehydes  seem  to  play  a  role  in  the  inhibition  of  cell  division 
during  the  eutelic  period,  it  is  not  yet  possible,  on  the  basis  of  existing  knowledge, 
to  identify  the  mechanism  of  ketoaldehyde  action.  Spindle  formation  is  probably 
not  involved  because  the  inhibitory  effect  has  been  demonstrated  in  prokaryotes 
(Egyud  and  Szent-Gyorgyi,  1966a,  1966b).  Inhibition  of  DNA  synthesis  has 
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already  been  ruled  out  by  studies  on  mammalian  tissues  by  Szent-Gyorgyi  et  al. 
(1967)  and  Gregg  (1968),  as  well  as  by  studies  on  P.  silusiae ,  where  Pasternak  and 
Samoiloff  (1970)  showed  a  rapid  increase  in  DNA  synthesis  during  the  eutelic 
period.  Ketoaldehyde  action  by  RNA  inhibition  has  been  ruled  out  by  Pasternak 
and  Samoiloff  (1970)  who  showed  that  RNA  synthesis  is  linear  throughout  the 
growth  period,  and  is  not  affected  by  altering  ketoaldehyde  levels. 

While  the  possibility  remains  that  ketoaldehydes  act  by  inhibition  of  a 
specific  “mitotic  protein”  blockage  of  general  protein  synthesis,  as  was  suggested 
by  Szent-Gyorgyi  et  al.  (1967),  this  seems  unlikely  to  be  active  in  P.  silusiae.  Normal 
end-stage  development  of  the  gonads  in  the  late  larval  stages  requires  normal  pro¬ 
tein  synthesis  during  the  eutelic  period  (Pasternak  and  Samoiloff,  1970)  when  we 
show  a  high  titer  of  ketoaldehydes.  The  studies  of  Chow  and  Pasternak  (1969)  of 
the  enzyme  proteins,  such  as  malate  dehydrogenase  and  lactate  dehydrogenase, 
show  unique  polyacrylamide  gel  band  patterns  for  each  of  the  larval  stages,  giving 
additional  evidence  of  extensive,  although  differential,  protein  synthesis  during 
the  eutelic  period,  when  ketoaldehyde  levels  are  high. 

The  inhibitory  action  of  ketoaldehydes  probably  occurs  during  the  G2  stage 
of  interphase,  but  the  identification  of  the  exact  mode  of  action  must  wait  until 
detailed  determinations  can  be  made  of  the  response  of  each  of  the  various  tissues 
involved  -  hypodermis,  muscle,  nerve,  and  intestine  -  to  exposure  to  extraneous 
ketoaldehydes.  Because  of  the  number  of  tissues  involved  in  the  current  assay 
technique,  it  has  not  been  possible  to  pin-point  ketoaldehydes  within  the 
organism.  At  this  point  ketoaldehydes  cannot  be  convincingly  implicated  in  the 
development  of  probable  polyploidy  in  the  intestinal  cells  in  P.  silusiae ,  but  it  does 
not  seem  far-fetched  to  study  ketoaldehydes  in  this  context. 

In  summary,  it  is  probable  that  endogenous  ketoaldehydes  act  in  the  process 
of  eutely  in  the  free-living  nematode  Panagrellus  silusiae  by  interfering  with  some 
as  yet  unidentified  G2  function,  which  results  in  apparent  polyploidy.  G2  inhibi¬ 
tion  would  permit  the  continued  DNA  replication,  and  the  increase  in  cell  volume 
that  is  observed,  but  would  prevent  cell  division  itself. 
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Table  1.  Ketoaldehyde  Content  in  Panagrellus  sillusiae. 


Number  of  Replicate 

Samples 

m/Moles/100  ug  Protein 

Unseparated 

45 

0.75  ±  0.25  s.d. 

Adult  (gametic) 

33 

0.56  ±  0.36  s.d. 

L2  (eutelic) 

7 

9.66  ±  1.11  s.d. 
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ABSTRACT 

During  a  two-year  study  of  Cedar  Lake  Reservoir  in  southeastern  Jackson 
County,  Illinois,  a  number  of  rare  and  unusual  plants  were  discovered.  Seven 
plant  taxa  were  recorded  that  had  not  been  previously  reported  from  the  state  of 
Illinois,  and  fifty-one  plants  were  documented  which  were  new  for  the  county.  In 
addition,  four  proposed  federally  threatened  species  (Azensu  and  DeFilipps,  1978) 
and  five  species  of  concern  within  the  state  of  Illinois  (Illinois  Department  of  Con¬ 
servation,  1980)  are  listed. 


INTRODUCTION 

The  study  was  conducted  on  approximately  3,200  acres  of  rugged,  mostly 
wooded  hills  surrounding  Cedar  Lake  Reservoir  in  southern  Jackson  County.  It 
was  begun  in  September,  1975,  and  concluded  in  April,  1977.  Sources  for  iden¬ 
tification  were  as  follows:  Mohlenbrock  (1975),  Gleason  (1963),  Jones  (1963), 
Steyermark  (1963),  Fernald  (1950),  and  Bailey  (1949).  Nomenclature  follows 
Kartesz  and  Kartesz  (1980)  except  where  noted.  State  and  county  record  plants 
were  determined  through  distributional  data  (Mohlenbrock,  1975).  All  specimens 
are  on  deposit  at  the  Southern  Illinois  University  Herbarium  (SIU). 

Seven  plant  records,  including  five  species  and  two  varieties,  were 
documented  for  the  state.  These  taxa  are  detailed  below: 

Solidago  arguta  Ait.  Inhabiting  the  edge  of  an  upland  wooded  slope,  this  col¬ 
lection  was  the  first  authentic  one  of  this  species  in  Illinois.  Even  though  Fernald 
(1950)  considers  Illinois  to  be  within  the  distribution  of  this  species,  neither  Jones 
et.  al.  (1955)  nor  Mohlenbrock  (personal  communication)  know  of  any  prior  col¬ 
lection  of  this  taxon  in  the  state.  Mohlenbrock  (1975)  records  S.  arguta ,  but  this 
report  is  based  on  a  collection  of  S.  strigosa ,  a  taxon  considered  by  Mohlenbrock  at 
that  time  to  be  equivalent  to  S.  arguta. 

Solidago  Hispida  Muhl.  var  lanata  (Hook.)  Fern.  This  record  variety,  found 
growing  in  a  narrow  crevice  on  a  sandstone  blufftop,  had  previously  been  col¬ 
lected  in  Illinois  but  those  collections  had  been  assigned  to  the  typical  variety.  Fer¬ 
nald  (1950)  gives  this  variety  a  very  nothern  distribution,  including  Maine  and 
parts  of  southern  Canada.  The  conspicuously  lanate  stems  and  pilose  leaf-surfaces 
strongly  distinguish  this  taxon  from  the  typical  variety. 

Diarrhena  americana  Beauv.  var.  americana.  Herbarium  searches  have 
shown  that  this  typical  variety  has  been  collected  before  in  the  state,  but  er¬ 
roneously  placed  in  the  genus  Bromus.  Several  small  colonies  of  this  unusual  grass 
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were  found  in  mesic  woods  at  Cedar  Lake.  The  variety  obovata  is  a  more  plentiful 
plant. 

* Polygonum  hydropiperoides  Michx.  var.  bushianum  Stanford.  Known  from 
only  one  site  in  the  study  area,  the  edge  of  a  rocky  stream  in  rich,  moist  woods, 
this  variety  was  reported  previously  from  “Kentucky  to  Kansas  and  Oklahoma” 
(Fernald,  1950). 

Castanea  mollissima  Blume.  A  number  of  Chinese  Chestnuts  were  found 
growing  in  and  around  old  homesites  at  Cedar  Lake.  Several  appear  to  have  pro¬ 
pagated  spontaneously  in  a  roadside  ditch  near  the  lake’s  northern  end. 

Rosa  rubrifolia  Vill.  Its  red-tinged  foliage  makes  this  native  of  the  mountains 
of  central  Europe  (Bailey,  1949)  an  attractive  and  frequently  cultivated  shrub.  A 
large  example  of  this  species  occupies  a  roadside  near  an  abandoned  homesite. 

Tamarix  gallica  L.  This  species  is  introduced  and  naturalized  from  southern 
Europe.  Until  this  collection,  its  easternmost  point  of  distribution  had  been 
Missouri  (Steyermark,  1963).  A  long-abandoned  farmyard  provides  habitat  for 
this  taxon. 

A  total  of  fifty-one  taxa  not  previously  reported  for  Jackson  County  were  col¬ 
lected  during  this  study,  the  most  noteworthy  of  which  are  the  following: 

Bromus  nottawayanus  Fern.  Known  before  from  the  counties  of  Cook. 
Peoria,  Stark,  and  Woodford,  B.  nottawayanus  was  found  growing  in  three 
localities  in  mesic  woods  at  Cedar  Lake. 

Poa  autumnalis  Muhl.  A  small  number  of  plants  of  this  species  were 
discovered  in  moist  woods  at  the  southern  end  of  the  study  area.  The  only  previous 
report  of  this  species  in  the  state  was  from  Pope  County. 

Poa  pratensis  L.  ssp.  angustifolia  (L.)  Gaudin.  A  rather  large  population  of 
this  taxon  grows  in  open  soil,  adjacent  to  the  margin  of  a  wooded  slope.  This 
makes  the  second  authentic  locality  for  this  plant  in  Illinois.  It  was  found  first  in 
moist  woods  in  Union  County. 

Muhlenbergia  x  curtisetosa  (Scribn.)  Pohl.  One  of  the  rarest  of  the  Illinois 
Muhly  grasses,  this  hybird  grows  abundantly  in  a  moist  field. 

Carex  laxiflora  Lam.  This  species  was  known  before  from  only  Pope  County. 
It  was  found  on  a  moist,  wooded  slope. 

Carex  striatula  Michx.  Also  inhabiting  mesic  woods,  this  rare  plant  was 
previously  restricted  to  Pope  and  Union  Counties. 

Tipularia  discolor  (Pursh)  Nutt.  The  rare  Cranefly  Orchid,  with  distribution 
in  extreme  southern  Illinois  was  found  growing  in  several  small  colonies  in  a  rich, 
mesic,  wooded  tract  at  the  southwestern  end  of  the  study  area. 

Cimicifuga  rubifolia  Kearney.  A  small  clump  of  Black  Cohosh  was  observed 
in  only  one  locality  during  the  study.  Prior  Illinois  material  had  come  from  Pope, 
Hardin,  and  Massac  Counties  in  extreme  southeastern  Illinois. 

Rubus  roribaccus  (Bailey)  Rydb.  Pope  County  had  been  the  only  reported  site 
for  this  taxon  in  Illinois.  The  velvety  lower  leaf-surfaces  help  distinguish  this 
species  from  the  common  Dewberry,  R.  flagellaris. 

Other  taxa  representing  county  vouchers  are: 

Cystopteris  fragilis  (L.)  Bernh. 

Pinus  echinata  P.  Mill  (introduced) 

Pinus  sylvestris  L.  (introduced) 

‘Treatment  according  to  Fernald  (1950) 
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Avena  fatua  L. 

Digitaria  filiformis  (L.)  Koel. 

Agrostis  scabra  Willd. 

Panicum  philadelphicum  Bernh. 

*Panicum  perlongum  Nash 
Setaria  viridis  (L.)  Beauv.  var. 

major  (Gaudin)  Pospichal 
Muhlenbergia  bushii  Pohl. 

Eleocharis  erythropoda  Steud. 

Car  ex  gracillima  Schwein. 

Carex  austrina  (Small)  Mackenz. 

Carex  socialis  Mohlenbr.  &  Schwegm. 

Carex  carey ana  Ton. 

Lemna  obscura  (Austin)  Daubs 
Hybcys  marginatus  Rostk. 

Hemerocallis  lilio-asphodelus  L.  (introduced) 

Iris  x  germanica  L.  (introduced) 

Spiranthes  magnicamporum  Sheviak 
Alnus  glutinosa  (L.)  Gaertn.  (introduced) 

Ulmus  pumila  L.  (introduced) 

Polygonum  buxiforme  Small 
Chenopodium  pallescens  Standi. 

Ranunculus  carolinianus  DC. 

*  Delphinium  ajacis  L.  (introduced) 

Rorippa  truncata  (Jepson)  Stuckey 
Sedum  sarmentosum  Bunge  (introduced) 

Prunus  cerasus  L.  (introduced) 

Prunus  avium  (L.)  L.  (introduced) 

Rosa  canina  L.  (introduced) 

Wisteria  macrostachya  Nutt. 

Vitis  rupestris  Scheele 
Voila  affinis  LeConte 
Ludwigia  leptocarpa  (Nutt.)  Hara 
Oenothera  fruticosa  L.  ssp.  fruticosa 
Cuscuta  corylii  Engelm. 

Viburnum  opulus  L.  (introduced) 

Rudbeckia  fulgida  Ait. 

Aster  dumosus  L. 

Artemesia  absinthium  L. 

Bidens  tripartita  L. 

The  following  is  a  list  of  endangered  (E)  or  threatened  (T)  plants  observed  at 
the  Cedar  Lake  study  area.  A  double  asterisk  (*  *)  identifies  the  proposed  federally 
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listed  species  (Azensu  and  DeFilipps,  1978);  the  remaining  taxa  are  of  concern 
within  the  state  of  Illinois  (Illinois  Department  of  Conservation,  1980). 

**T  Dodecatheon  frenchii  (Vasey)  Rydb. 

E  Poa  autumnalis  Muhl. 

E  Solidago  arguta  Ait. 

E  Car  ex  austrina  (Small)  Mack. 

E  Carex  striatula  Michx. 

**T  Carex  socialis  Mohlenbr.  &  Schwegm. 

E  Rorippa  truncata  (Jepson)  Stuckey 
**T  Hydrastis  canadensis  L. 

**T  Panax  quinquefolium  L. 
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AN  APPROACH  TO  SOLVING  COUPLED  EQUATIONS  THAT 
MAY  ARISE  FROM  APPLICATIONS  OF  LAPLACE'S  EQUATION* 


by 


D.  D.  Hearn,  M.  Summers  and  G.  Wilson 
Western  Illinois  University 


ABSTRACT 


Illustrating  a  general  approach  that  may  be  used  to  obtain  the 
electrostatic  field  between  conducting  objects,  a  solution  of  Laplace's 
equation  is  presented  for  the  case  of  a  conducting,  right  circular 
cylinder  between  parallel,  charged  conducting  plates.  The  analytical 
expressions  derived  from  this  boundary  value  problem  for  the  electric 
potential  function  and  the  corresponding  electric  field  intensity  are 
in  the  form  of  coupled,  nonlinear  equations.  These  equations  are  solved 
numerically  by  iteration  for  a  designated  parameter  set,  specifying  one 
possible  geometry  and  position  of  the  cylinder. 


*  This  research  was  supported  in  part  by  the  Defense  Nuclear  Agency 
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1.  INTRODUCTION 

Objects  susceptible  to  electromagnetic  interference  are  often  tested 
for  the  effects  of  such  interference  by  guiding  a  pulse  of  electromagnetic 
energy  over  the  objects  and  experimentally  determining  their  response  to 
this  field.  In  such  cases,  it  is  desirable  to  know  the  electric  field  values 
at  various  points  over  the  object  for  the  principal  or  TEM  (transverse  electro¬ 
magnetic)  mode  of  propagation.  These  field  values  may  be  estimated  from  the 
known  field  distribution  about  the  transmission  line  when  no  test  object  is 
present  [l].  However,  more  accurate  values  are  often  required,  and  it  is  the 
purpose  of  this  paper  to  provide  analytical  expressions  for  the  field  distri¬ 
bution  about  a  cylindrical  test  object  and  to  discuss  a  numerical  approach 
to  solving  these  expressions.  This  example  also  illustrates  a  general  approach 
that  may  be  applied  to  similar  boundary  value  problems. 

For  the  TEM  propagation  mode,  the  field  distribution  of  the  propagating 
pulse  can  be  obtained  from  electrostatic  theory.  Thus  the  problem  is  one  of 
solving  a  suitable  form  of  Laplace’s  equation  with  appropriate  boundary 
conditions.  Boundary  conditions  for  this  problem  are  determined  from  the 
following  physical  arrangement.  A  conducting,  right  circular  cylinder  is 
placed  between  the  conducting  surfaces  of  a  transmission  line  with  the  cylindri¬ 
cal  axis  perpendicular  to  the  conducting  surfaces,  as  diagrammed  in  Figure  1. 

The  direction  of  travel  of  the  electromagnetic  field  is  perpendicular  to  the 
diagram,  and  the  vertical  positioning  of  the  cylinder  is  arbitrary.  Since 
the  cylinder  axis  is  to  be  located  symmetrically  with  respect  to  the  width 
w  of  the  transmission  line  and  the  radius  a  is  assumed  to  be  small  relative  to  w, 
field  fringing  effects  can  be  ignored  in  this  problem.  Therefore,  the  conducting 
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surfaces  bounding  the  transmission  line  will  be  treated  as  infinite,  parallel 
conducting  plates.  Equal  and  opposite  charges  will  be  carried  by  the  plates, 
while  the  cylinder  is  assumed  uncharged.  These  requirements  fix  the  boundary 
conditions  on  the  electric  potential  function  such  that  the  potential  must 
vanish  over  the  surface  of  the  cylinder,  take  on  equal  but  oppositely  signed 
values  over  the  two  plates,  and  approach  a  uniform  field  potential  in  the  z- 
direction  far  from  the  axis  of  the  cylinder. 

A  cylindrical  coordinate  formulation  of  Laplace’s  equation  is  obviously 
most  convenient,  since  the  problem  geometry  displays  cylindrical  symmetry. 

The  complicated  boundary  conditions,  however,  make  it  difficult  to  directly 
obtain  a  single  equation  for  the  potential  function  that  is  valid  throughout 
the  entire  region  between  the  plates.  Consequently,  Laplace's  equation  is 
solved  separately  in  each  of  the  three  overlapping  areas.  This  results  in  a 
set  of  coupled,  nonlinear  equations  for  the  potential  function  and  electric 
field  intensity  which  require  a  numerical,  iterative  technique  for  solution. 

The  derivation  of  the  coupled  field  equations  is  described  in  the  follow 
ing  section.  A  numerical  evaluation  of  these  equations  is  then  discussed 
for  specific  cylinder  dimensions  and  vertical  positioning  in  the  field. 
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2.  SOLUTION  OF  LAPLACE'S  EQUATION 


Distribution  of  the  static  electric  field  surrounding  a  conducting,  right 
circular  cylinder  between  infinite,  charged,  parallel,  conducting  plates 
may  be  obtained  from  solutions  of  Laplace's  equation, 

V2$  =  0,  •  (1) 

for  the  physical  configuration  illustrated  in  Figure  2.  The  geometry  of  the 
problem  clearly  implies  a  solution  in  terms  of  cylindrical  coordinates. 
Furthermore,  since  the  plates  are  taken  to  be  of  infinite  extent,  the  potential 
$  is  independent  of  the  angular  cylindrical  coordinate.  Thus,  (1)  may  be 
written  in  terms  of  the  radial  and  vertical  cylindrical  coordinates,  p  and  z,  as 


a2<i>  1  9$ 
3p2  P  ^ 


(2) 


A  unique  solution  of  (2)  may  be  obtained  by  employing  the  method  of  separation 
of  variables  and  imposing  boundary  conditions  on  the  potential  function  con¬ 
sistent  with  the  charge  requirements  on  the  conducting  surfaces.  This  separates 
(2)  into  the  following  set  of  equations, 


$(p,z)  =  R(p)Z (z) , 

(3) 

d2R  1  dR  .2 

,  +  ,  tkR-0, 

3p2  P  dp 

(4) 

d2Z  ,  2 

(5) 

— 2  -  k  Z  =  0, 

dz 


where  the  parameter  k  is  determined  from  the  boundary  requirements  on  $  [2j . 

For  this  problem,  the  following  boundary  conditions  are  imposed  on  the 
potential  function:  The  electric  potential  must  vanish  over  the  surface  of 
the  cylinder,  maintain  the  constant  value  over  the  top  plate,  maintain 
the  constant  value  -^V  over  the  bottom  plate,  and  approach  a  uniform  field 
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potential  in  the  z-direction  as  p  approaches  infinite.  A  single,  analytical 
expression  satisfying  all  boundary  conditions  could  not  be  obtained  from  the 
differential  equations  (4)  and  (5)  because  of  the  insufficient  number  of 
boundary  parameters.  Hence,  a  solution  for  these  equations  within  each  of 
three  limited  regions  between  the  plates  was  obtained,  and  the  solutions 
within  adjoining  regions  were  matched  at  a  common  boundary.  In  this  way,  an 
expression  for  each  potential  function  is  determined  in  terms  of  the  other 
potential  functions,  and  a  solution  for  each  may  then  be  obtained  by  iteration. 
The  three  regions  delineated  in  Figure  3  were  found  convenient  for  satisfying 
the  required  boundary  conditions.  Because  of  symmetry  about  the  cylinder  axis, 

the  solution  regions  are  indicated  for  one  half  of  the  (p,z)-plane  only. 

Solutions  within  the  three  areas  are  labeled  Op,  Op.  Potential  function 

o  1  l 

0^  was  chosen  to  match  the  boundary  conditions  necessary  for  the  region 
p  >  a  for  0  <  z  <  d;  $£  is  valid  within  the  region  0  <  z  <  z£  for  p  >  0;  while 
0£  is  defined  for  the  region  z£  <  z  <  d  for  p  >  0.  The  solution  0^  overlaps  the 
potential  functions  0£  and  0£  in  areas  near  the  bottom  and  top  plates,  respec¬ 
tively.  The  total  field  is  thus  given  by  the  solution  for  beyond  p  =  0  and 

by  $£  and  for  0  <  p  £  a  near  the  bottom  and  top  plates,  respectively. 

Since  the  solution  must  approach  a  uniform  potential  distribution  at 

o 

large  p,  one  expects 

Z*C„  +  C/v ,  as  p  (6) 

o  12 

Corresponding  boundary  conditions  on  the  two  plates  require  that 


0  '  +  C/v  =  -kv 

1  2 

(7a) 

d  *  +  C/s  =  hV 

1  o 

(7b) 
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Thus,  C/s  =  V/d  and  =  -^V,  so  that 
1  2 


lim  $^(p,z)  =  V(z/d  -  h) ,  (8) 

P-K»  ° 

which  represents  the  k  =  0  solution  of  (5).  Solutions  for  nonzero  values  of 
k  must  be  added  to  (8)  and  must  be  chosen  to  satisfy  the  remaining  boundary 
conditions  on  that  is, 


$/s(a,z)  =  0,  for  Z/s  £  z  £  Z/s,  (9a) 

°  12 

$/s(p,0)  =  -^V,  for  p  >  a,  (9b) 

o 

^(p,d)  =  for  p  >  a  .  (9c) 

o 


These  requirements  impose  the  following  conditions  on  the  functions  Z(z) 
and  R(p)  for  nonzero  k: 


Z(0)  =  Z(d)  =  0,  (10a) 

R(p)  0,  as  p  4  °°.  (10b) 


This  suggests  that  solutions  of  (5)  are  of  the  form  sin(kz),  while  solutions 

of  (4)  are  modified  Bessel  functions  of  the  second  kind  K/,(kp)  ,  with 

o 

k  =  k/s  =  nn/d,  for  n  =  1,  2,  3,  •  •  •  .  (11) 

n 

A  complete  solution  for  the  region  p  >  a  can  thus  be  expressed  as 

OO 

$~(p,z)  =  -V  (d  -  2z)/(2d)  +  £  A^in  (k  ^z)  ICs(k/sp), 

o  ,  n  n  o  n 

n=l 


(12) 
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which  is  a  Bessel-Fourier  series  expansion  for  the  potential  By  matching 

this  solution  with  those  for  the  remaining  two  regions  across  the  boundary 

p  =  a,  the  constants  may  be  evaluated  as  functions  of  n  and  the  problem 

parameters  V,  a,  d,  Z/%>  z^.  The  first  step  in  accomplishing  this  evaluation 

1  2 

takes  advantage  of  the  orthogonality  of  the  trigonometric  functions  and  the 

uniform  convergence  of  the  Fourier  series  by  multiplying  both  sides  of  (12) 

by  sin(k/sz)  and  integrating  from  z  =  0  to  z  =  d  (at  p  =  a)  ,  with  the  result 
m 

that 


f  [$^(a,z)  4-  V(y2  - 

u  o 


:/d)  sin(k/sz)dz  = 

-1  n 


^dA/sK  (k^a) 
no  n 


(13) 


But,  since  overlaps  with  and  $^y  and  since  the  cylinder  is  unchanged, 
we  have 


$/s(a,z)  for  0  <  z  <  z^ 
1  1 


<K(a,z)  = 
o 


0 


for  z^  <  z  <  Z/v 
1  2 


<tu(a,z)  for  z~  <  z  <  d, 
2  2 


(14) 


so  that  we  may  write 


^dKrv  (k^a)  A/s  =  B^  +  C^, 
o  n  n  n  n 


(15) 


with 


Z  /\ 

B^  =  /  1  J^$£(a,z)  4-  V  (%  -  z/d)J  sin(k^z)  d; 


o 


(16) 


Q 

+  /  [<Ma,z)  +  Vft  -  z/d)]  sin(k^z)dz 


7  ^ 
2 


(16) 
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and 


=  -V/  (dk^fsin  (k^z^)  -  sin(k^z,0  -  k^(z^  +  hd)  cos  (k^z^)  (17) 

n  n  L  n  2  nx  n2  n2 


kA(zA  4-  %d)  cos  (k/vZ/s)  . 
n  i  n  x  J 


This  completes  the  analytical  development  for  the  potential  function 

Once  the  values  for  the  functions  0^(a,z)  and  $/v(a,z)  are  determined,  A 

12  n 

may  be  evaluated  from  (15)  and  $g(p,z)  is  completely  specified  by  the 
series  expansion  (12). 

A  uniform  field  distribution  is  also  required  for  both  <Iu  and  at 

1  2 

large  radii,  and  (8)  is  the  k  =  0  solution  for  each  of  these  potential  functions. 
Boundary  conditions  to  be  satisfied  by  these  potential  functions  for  nonzero 
k  values  are 


<Mp,0)  =  ~hV, 

<Mp,d)  =  J5V, 

2 

$£(p,z^)  =  <Su(p,z£)  =  0,  for  0  <  p  <  a. 
These  conditions,  along  with  (8),  require  that 


(18a) 

(18b) 

(18c) 


Z  (0)  =  Z  (d)  =  0,  (19a) 

1  2 


R~(p)  =  R/s(p)  0,  as  p  •+  00 .  (19b) 

1  2 


Since  Z  and  Z 


1  2 
functions  of  kz 


do  not  vanish  on  the 
can  be  assumed.  The 


surface  of  the  cylinder,  exponential 
requirements  of  (19a)  then  lead  to: 
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Z^(z) 

1 

Z^(z) 

2 


sinh (kz) , 

exp(kz)  -  exp[\(2d  -  z)J  . 


(20a) 

(20b) 


Corresponding  solutions  of  (4)  that  satisfy  (19b)  are  Bessel  functions  of 
the  first  kind  of  order  zero: 


R*(P)  =  R-(P)  =  J.(pk).  (21) 

12o 

Solutions  of  Laplace’s  equation  for  ^  and  must  then  be  expressed  in 
terms  of  integrals  of  the  functions  (20)  and  (21) ,  as 


$~(p,z)  =  -V C'i  -  z/d)  4-  f  F^(k  f)sinh(k ’z)  J/s(k  p)dk',  (22) 

1  o  1  ° 

CO 

$^(p,z)  =  -V (h  -  z/d)  +  /  F^(k’) {exp(k’z)  -  exp[k'(2d  -  z)]  } 


x  (k  *p)dk ’ . 
o 


(23) 


Evaluation  of  F^(k)  and  F,v(k)  is  accomplished  by  applying  the  remaining 

1  2 

boundary  conditions  and  utilizing  the  orthogonality  of  the  Bessel  functions  > 

where  the  integral  of  pJ~ (kp) J^(k’ p)  with  respect  to  p  is  nonzero  and  equal 

o  o 

to  1/k  only  when  k’  =  k.  Hence,  both  sides  of  (23)  may  be  multiplied  by 
pJ^(kp)  and  integrated  from  p  =  0  to  p  =  00  (at  z  =  z^) ,  with  the  result  that 


/  pJ^(kp)  r<K  (p,zO  +  Vte  -  z^/d)1dp 
O  to  9  9  J 


=  F  (k)  (exp  (kz  ~)  -  exp[k(2d  -z^)]  }/k.  (24) 


Boundary  conditions  on  allow  the  integral  on  the  left  of  (24)  to  be  written 


as 
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00 


/  pj.(kp)  [<Mp,zJ  +  V(4  -  z„/d)]  dp 
2  2  2 


(25) 


o 


=  v(h  -  z^/d)  /  pJ^(kp)dp 


o 


o 


4-  /  pJ,s  (kp)  (p,z^)  +  V(? 

o  o  2 

a 


Z/s/d)]  dp 
2 


The  first  integral  on  the  right  of  (25)  may  be  expressed  as  a  Bessell 
function  of  order  one, 


/  pJg (kp) dp 
o 


=  aJ/s(ka)/k, 
1 


(26) 


while  the  second  integral  on  the  right  of  (25)  may  be  rewritten  using  (12) 


/  pJ^.  (kp)  [$^(p,zA)  +  V(^  -  z^/d)  ]  dp 

2  2 


o 


(27) 


o 


=  I  A/sSin(k/sZ^)  f  pK^(k^p)  (k^p)dp. 
..  n  n  ?  o  n  o  n 

n=l  a 


An  evaluation  of  the  integral  appearing  in  (27)  may  be  obtained  from  the 
defining  equations  for  Kq  and  [3, P.358 ~]  ,  which  are 


2  d  d 

p  - y  K^(k^p)  +  p  —  K~(k^p) 

\  2  o  n  dp  o  n 

dp 


2  2 

k.p  =  0 

n 


(28) 


and 


p2  -At  J~(kp)  +  p  A  J-v(kp)  +  k2p2  = 
dp2  0  dp  0 


as 


0. 


(29) 
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If  (28)  is  multipled  by  Jg(kp)/p,  (29)  is  multiplied  by  K^(k^p)/p,  and 
the  resulting  equations  are  subtracted  and  integrated  over  the  interval 
a  <  p  <  00 ,  we  have 


)  / 

a 


pJ/s(kp)K^(k/sp)dp 
o  on 


(30) 


=  -{p[K„(pkO 
L  o  n 


J.(kp)  -  J.(kp)  ~  K/v(pk/v)|} 
dp  o  o  dp  o  nJ 


However , 


J/n (kp)  =  -kJ^ (kp)  ,  (31a) 

dp  o  x 


—  (k  p)  =  -k^K^(k^p), 
dp  o  n  n  i  n 


(31b) 


so  that 


00 


/  pj/s  (kp)K^  (k^p)  dp 
o  on 
a 


[k^J^  (ka)K/v  (k/v.a)  -kK^  (k^a)  (ka)  1 

"  ^  ln  onx 


n  o 


a/  (k2  +  k/s2)  , 
n 


(32) 


and  the  final  expression  for  F^(k)  is 


F/v  (k)  =  { Va  (d  -  2z^,)  J/s  (ka)  /  (2dk) 

2  2  i 


+  £ 

n=l 


A^sin(k^z^)  k/sJ^  (ka)K^  (k^a) 
n  n  2  n  o  ln 

-  kK^  (k^a)  J/s  (ka)l  a/ (k2  +  k^2 
o  n  ^  n 


) }k/Z~(z^) , 

2  2 


(33) 


where  Z^(z^)  is  defined  in  (20b). 

2  2 
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The  evaluation,  of  F  (k)  proceeds  similarly,  with  the  result  that 


F^(k)  =  {Va  (d  -  2z/n)  J/s  (ka)  /  (2dK)  + 
1  11 


E 

n=l 


A^sin(k^Zzs)  k^  (ka)K^  (ka) 
n  n  i  L  n  o  i 


kK,s  (k^a)  (ka)  a/(k^  +  k^  )  }k/sinh(kz^)  . 
o  n  x  J  n  i 


(34) 


Evaluation  of  the  distribution  functions  0/v,  $/s,  may  now  be  obtained 

°  1  2 

through  a  numerical  evaluation  of  the  coupled  equations  (15),  (33)  and  (34). 

Analytical  expressions  for  the  electric  field  intensity  may  be  obtained 
in  an  area  of  interest  by  taking  the  appropriate  derivative  of  one  of  the 
three  potential  functions.  As  an  illustration,  the  electric  field  vector 
is  perpendicular  to  any  conducting  surface;  therefore,  along  the  side  of 
the  cylinder,  the  electric  field  intensity  is 


9$, 


E  = 


o 


9p 


p  =  a 


00 


=  £  A/vk/NSin(k/sz)K^  (k^a) 

.  n  n  n  in 

n=l 


(35) 


Similarly,  over  the  top  of  the  cylinder,  we  have 


E 


9<K 

2 


9z 

z  = 


(36) 


00 


V/d  -  /  kF^(k)  J^(kp)  {exp(kz^,)  4-  exp 
„  2  ° 


O 

L. 


Zxs)  I  }dk. 

2  J 


Field  values  may  be  obtained  for  electric  field  expressions  such  as  (35) 
or  (36)  using  the  same  numerical  techniques  to  be  discussed  in  the  next 


section. 
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3.  NUMERICAL  EVALUATION 


In  order  to  produce  coupled  equations  in  terms  of  the  potential  functions 
directly,  relations  (33)  and  (34)  are  substituted  into  (23)  and  (22), 
respectively,  yielding 


CO 


$^(p,z)  =  Va(h  ~  z^/d)  /  J/N(kp)  J^(ka)Z/s  (kz)  /  Iz^kz^)  I  dk  (37) 

1  l0°llLllJ 


00 


oo 


+  E  aA/sSin(k/sZ/v)  (k^K^  (k^a)  /  (kp)  (ka) 


n=l 


n 


n  x  n  i  n 


o 


O  O 

x  kZ/s(kz)/f(k  +  k^  )  Z/s  (kz^)l  dk 

1  n  i  x  J 


00 


-  K^(k^a)  f  J^.(kp) J^(ka)k  Z^(kz)/[(k  +  k  )Z^(kz^)]dk} 

°  n  0  °  1  1  L  n  1  1  J 


-  V(J$  -  z/d)  , 


4u(p,z)  =  Va Qi  -  Z/s/ d)  f  J^(kp)  J/s  (ka)Z^(kz)  /  [Z/v(kz/0  I  dk  (38) 
2  20°l2L22 

OO  OO 

+  E  aA/vSin(k/sZ/s)  (k/sK/s(k/sa)  /  J^(kp)J^(ka) 
n=ln  n  2  n  i  n  Q  o  o 

x  kZ^  (kz)  /  T(k2  +  k^2)  Z^  (kz^)  "jdk 
2  u  n  2  2  J 


OO 


-  K/n  (k^a)  /  J^(kp)J^(ka)k2Z.(kz)/ [(k2  +  k  2)  Z„  (kz.)~|  dk} 

on  o  i  2  L  n  2  2  J 


-  V(h  -z/d)  , 
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where  the  functions  and  are  as  defined  in  equations  (20).  With  all 

1  2 

potential  functions  now  expressed  in  terms  of  A^,  a  straightforward  pro¬ 
cedure  is  to  assume  functional  forms  for  and  along  the  surface 

1  2 

p  =  a,  obtain  from  (15)  and  evaluate  <Iu  and  along  p  =  a  from  (37) 

n  12 

and  (38).  These  calculated  values  may  then  be  compared  to  the  starting 
functions  at  selected  points.  If  agreement  is  not  close  enough,  the 
calculated  values  may  then  be  used  to  recalculate  A^,  and  This 

n  i  2 

process  can  be  repeated  until  the  required  convergence  is  reached. 


Several  starting  approximations  were  tried  for  and  along  p  =  a. 

1  2 

It  was  found  that  the  particular  functional  form  for  the  initial  values  of 


the  potentials  had  little  effect  on  convergence.  Figure  A  is  a  plot  of 


the  calculated  electric  field  potential  after  four  iterations.  This  run 


used  the  following  linear,  initial  approximations  to  and  along  the 


surface  p  =  a, 


$~(a,z)  =  ^V(z  -  z /n )  / z /\ , 

1  11 

(39a) 

<£u(a,z)  =  ^V(z  -  z^)/(d  -  z^x 

2  2 

(39b) 

All  series  were  calculated  with  convergence  criteria  of  0.001  or  500  terms. 
Integrals  over  the  Bessel  functions  were  evaluated  using  Simpson's  rule 
and  dividing  the  interval  between  zeros  of  the  integrand  into  ten  equal 
subdivisions.  Calculations  were  carried  through  500  oscillations  of  the 
integrand.  The  formulas  used  for  calculating  these  zeros  are[_4]. 
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x^  -  b  4-  l/(8b),  n  =  1,2,3, •  •  •, 
n 


(AO) 


b  =  7T(n  -  h) 


for  J  (x) ,  and 
o 


X/s  -  b  -  3/ (8b)  ,  n  =  1,2,3,-  •  -, 
n 


(41) 


b  =  ir(n  +  h) 


for  (x) . 

1 

Polynomial  approximations  [3,369-370,  378-379]  were  used  to  evaluate 
all  Bessel  functions  to  an  accuracy  of  about  10  ^ .  In  addition,  the 
following  approximations  were  used  in  the  calculations  to  evaluate  ratios 
of  exponential  functions: 

Z^(kz) 

2  r  -1 

z  (k~z~)  ~  exp[-k(z  -  z^)J  (1  -  exp  [-2k(d  -  z)]  }  (42) 

2  Z2 

for  2d(d  -  z  )  >  100, 

2 

-  exp£-k(z  -  Z/O]  for  2k(d  -  z)  >  100, 

2 

-  0  for  k(z  -  z  )  >  100. 

O 

The  parameter  set  used  for  the  calculations  in  Figure  4  are  V  =  1, 

a  =  0.02,  d  =  1,  Z/s  =  0.06,  z*  =  0.36. 

1  2 
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4.  CONCLUSION 

Evaluation  of  the  electric  field  surrounding  a  conducting  cylinder  between 
charged  plates  may  be  accomplished  directly  from  Laplace’s  equation.  This 
evaluation  is  valid  for  either  a  static  field  or  a  transmission  line  propa¬ 
gating  the  TEM  mode.  However,  the  boundary  conditions  for  this  problem 
requires  an  indirect  approach.  A  general  approach  that  may  be  taken  in 
this  class  of  problems  is  to  solve  Laplace’s  equation  by  separation  of 
variables  in  overlapping  regions  of  the  problem  space.  All  parameters  may 
then  be  resolved  by  applying  boundary  conditions  and  matching  solutions 
along  common  surfaces. 

The  result  for  this  particular  application  is  a  set  of  three  coupled, 
nonlinear  equations  for  the  electric  potential  function,  which  are  solved 
numerically  by  iteration.  Figure  4  maps  the  calculated  potential  for  one 
geometry.  Boundary  conditions  have  been  satisfied  exactly  over  all  conduct¬ 
ing  surfaces,  and  the  field  approaches  a  uniform  potential  at  approximately 
twenty  radii  from  the  cylinder  axis.  This  illustration  depicts  the  numerical 
solution  after  four  iterations,  using  linear  starting  approximations  for 
the  potential  along  p  =  a. 

The  numerical  solution  to  the  coupled  equations  derived  from  Laplace’s 
equation,  for  this  example,  were  carried  through  using  various  starting 
functional  forms  for  the  potential  (polynomial  and  exponential)  and  a 
varying  number  of  iterations.  In  all  cases,  convergence  was  observed  to 
be  fairly  close  even  after  just  one  iteration.  Boundary  conditions,  after 
one  iteration,  were  exactly  satisfied  over  all  conducting  surfaces.  The 
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field  was  found  to  be  nearly  uniform  at  approximately  thirty  radii  from 
the  cylinder  axis.  Subsequent  iterations  produced  fairly  rapid  convergence. 
The  major  contribution  to  error  in  this  example  is  in  the  evaluation  of  the 
integrals  appearing  in  the  series  solution  for  the  potential.  These 
infinite  integrals  converge  slowly  in  certain  regions  due  to  the  presence 
of  Bessel  functions  of  the  first  kind. 

This  paper  has  presented  one  specific  solution  of  a  general  technique 
that  may  be  used  to  obtain  the  electrostatic  field  surrounding  interacting 
conductors.  Computer  solutions  provided  accurate  field  values  for  this 
specific  case  even  after  only  one  iteration.  No  attempt  has  been  made  to 
compare  this  approach  to  other  techniques  that  may  be  used  to  approximate 
solutions  of  Laplace's  equation. 
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MINI-MAX  APPROXIMATIONS  OF  THE 
DIRICHLET  PROBLEM  FOR  A  CLASS  OF  SECOND 
ORDER  ELLIPTIC  PARTIAL  DIFFERENTIAL  EQUATIONS 


Peter  A.  McCoy 
Mathematics  Department 

United  States  Naval  Academy,  Annapolis,  Maryland  21402 

ABSTRACT:  Let  W  be  a  holomorphic  solution  of  the 
equation 

32U/dz3z  =  A( | z | 2) | z | 3W/3 | 2  j .  |  z  |  <1 

that  is  continuous  on  |  z  <_1 .  And  let  the  first  n-1 
tangential  derivatives  of  W  be  continuous  with  the 
(n-l)st.  satisfying  a  first  order  Holder  condition. 
Then  determine  the  mini -max  error  3nm  and  the  extremal 
solution  for  the  best  "polynomial"  approximation  of 
degree  m  on  | z | <_1 ,  which  leads  to  an  extension  of  the 
classical  theorem  of  Favard,  Achieser  and  Krein  in 
analytic  function  theory. 

INTRODUCTION 


Analytic  functions  U,  on  the  disk  A : | z | <1 ,  viewed  as  harmonic 
functions,  are  the  "holomorphic"  solutions  of  the  equation 

(1 )  B^U/3z97  =  0,  zeA. 

A  natural  extension  of  an  analytic  function  on  a  disk  is  given  by  a 
solution  of  the  elliptic  equation 

(2)  L ( W ) : =  3^W/3z3z  -  A(|z|^)|z|  3W/3|z|  =  0,  zeA 

whose  admissible  coefficients  A  are  real -valued  analytic  functions  on 
the  closure  of  A.  Analytic  solutions  W  of  eqn.  (2)  arise  when  extending 
univalent  function  theory  [9],  Under  suitable  coordinate  transformations 
they  reduce  to  conically  symmetric  potentials  [2]  which  are  the  radially 
independent  harmonic  functions  in  E^;  these  also  occur  in  problems  in 
rheology  [8,10]  and  wave  mechanics  [2]. 

The  classical  theorem  of  Vavcuid,  AchleAeA  and  Ksieln  [1,4]  as  well 
as  the  "analytic"  version  by  Babenko  [4,6]  relate  the  smoothness  of  the 
boundary  values  of  a  holomorphic  function  U  to  the  error  in  the  best 
polynomial  approximation  of  U  on  the  3A;  hence,  globally  on  A  by  the 
maximum  principal.  This  paper  extends  these  classical  results  to  holo¬ 
morphic  solutions  W  of  eqn.  (2).  To  accomplish  this,  we  apply  some 
properties  of  holomorphic  representations  of  W  developed  by  Rusheweyh  [9] 
in  the  study  of  the  univalent  function  theory  of  W. 
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THE  DEFINITIONS  AND  FORMULAE 


It  follows  from  I.  N. 
solutions  on  A  relative  to 
is  given  by  the  functions 


Vekua  [10]  that  a 
the  uniform  norm. 


comp 

I  Iwl 


ete  set  for  analytic 
=  s up {  W(z) 

L  (A) 


zeA} , 


(3)  Wk(z)  =  eik<f>d|k|(r),  k  =  0,  +1,  +2,...,  z  =  re14, 

where  the  functions  dk(r)  are  the  regular  solutions  of  the  following 
two-point  boundary  value  problem 

[d^/dr^  +  (r-^  -  4rA(r^)}d/dr  -  k^r” ^ ] d^  =  0, 


dk(0)  =  dk(l)-l  =  0,  k  =  0,1,2,...  . 


A  complex- valued  function  W  that  is  twice  continuously 
A  is  then  an  analytic  eolation  of  eqn.  (2)  if  and  only 
a  sequence  of  complex  constants  {c^}  00  such  that  the 

k — —oo 

(4)  W(z)=  !ckeik4d|k|(r) 


differentiable  on 
if  there  exists 
expansion 


is  absolutely  and  uniformly  convergent  on  compacta  of  A.  The  kolomoaphlc 
Aohutl  cvia  are  those  analytic  solutions  that  expand  as 

(5)  W(z)  =  £  c.  eikc^d,  (r),  z  =  re^eA. 

k=0  K  K 

These  may  be  defined  as  the  ^-convolution  of  a  holomorphic  associate 

00  k 

(6)  U(z)  =  £  c.z  ,  zeA 

k=0  K 

with  the  Poisson  kernel 

00  u 

(7)  P  (z)  =  £  d.  (p)z  ,  zeA,  0<p<l. 

p  k=0  K 

via  the  "Hadamard  product" 

(8)  W(z)  =  ta U(re1(h  =  Pr(z)*U(elc^) ,  zeA 

The  invertible  operator  t^  associates  a  unique  holomorphic  U  with  each 
holomorphic  W. 

THE  BEST  POLYNOMIAL  APPROXIMATION 


Let  V*  designate  the  set  of  all  holomorphic  solutions  to  Dirichlet 
problems  of  the  class: 

(9)  L(W)  =  0,zeA 

W  =  F,ze8A 

where  W  is  continuous  on  the  closure  of  A,  cl(A)=AU9A;  and,  in  addition 
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Wc{W:Dn"^WLA  meets  a  first  order  Hdlder  condi tionlH W  e  C(9A)} 

e  3A  j^i  6 


The  specified  Holder  condition  is 

| I Dg-1W(l ,6' )  -  d"'1W(1,0")| I 

for  all  0',  0"  in  [0 , 2tt )  and  K  >  0. 


<  K  |  1 0 '  -  0"  |  | 

L°°[0,27t)  L  [0,2tt) 


00 


The  fundamental  sets  of  best  approximation  are  formed  from  the  analytic 
polynomial  solutions  of  eqn.  (2)  by 


m 


(10)  Tm  =  {S:S(re1(^)  =  Z  ckelk^di  kj  (r) ,  (c_m,...,  cm)c:C},m  =  0,1,2,. 

k=-m  1  1 


The  first  objective  is  to  develop  from  these  sets,  a  generalization  of 
the  theorem  of  Favard,  Achieser  and  Krein  [4]  which  is  itself  a  generali¬ 
zation  of  the  famous  theorem  of  V.  JackAon  [3]  on  polynomial  approximation. 
This  we  accomplish  in 


THEOREM  1 .  The  mini-max  error  in  the  approximation  of  the  class  of 
Dirichlet  problems  V  over  the  set  T  of  analytic  polynomials  of  degree 
m  is  given  by 


on 

where 

(12) 


6  =  Sup  {inf{| [ W-S | |  m  :SeT  } :WeP  } 

nm  1  1 .  oo , .  .  »  m  n 


L  (9A) 


m 


n 


3nm  =  K  / (m+1 )n  and 
nm  n 


K  =-  Z  (-l)j(n+1)/(2j+l)n+1 
n  *  j=0 

(n). 


Furthermore,  the  extremal  function  Wqv  /eVn  is  of  the  form 
(i)  n  an  odd  integer 

W0{n)(re1<,>)  =  §  I  [^'0  ~1-]sin[(m+l)k»]d|,(r) 


k=l 


and 


(ii)  n  an  even  integer 

oo  k 

WQ^n^(re1(J))  =  j  +  I  E  ^~k^  cos[(2m+l)k<j)/3]dk(r). 

k — 1 

If  Uq^  '  is  any  other  extremal  solution,  then 

Ug^^re1^)  =  XW0(n)(re1(*-V)  +  c  where  X  =  + 1 , 


[0 , 2tt )  and  c  is  a  constant. 


76 


Transactions  of  The  Illinois  State  Academy  of  Science 


Proof:  The  map  T/\  provides  a  natural  isomorphism  from  the  linear 
space  of  holomorpnic  solutions  U  of  the  Dirichlet  problems  d !  : 

9^U/9z9"z  =  0,  zeA 
U  =  F,  ze9A 


UeC(cl  (A ) )/°| {U  :  Dq - 1 U |  ,  first  order  Holder}/0!  (U : D^UeC( 9A ) } 

and  the  (extended)  linear  space  P  . 

Therefore,  let  us  define  the  set  of  polynomials 


m  k 

(I3)  -  (s:s(z)  -  Z  ckz  ,  {c_m . cm}CC}’  m  "  0O>2 . 

k=-m 

The  theorem  of  Favard,  Achieser  and  Krein  established  that  (1)  relative 

to  d  : 
n 


04)  s  =  Sup{inf{ [ I V-s I [  :set  }:Ued  } 

nm  L  (3A)  m  n 

where  3  is  evaluated  above  and  that  (2)  the  extremal  solutions  are: 
nm 

(i)  Uq^11  ^  (1  >9 )  =  F^n  ^  (0 )  =  Sgn[cos(m+l )0] ,  n-even 
and 

(ii)  Ug^n^(l,0)  =  F^(0)  =  Sgn [sin(m+l )0 ] ,  n-odd. 

Any  other  extremal  solution  of  eqn.  (14)  has  the  form  Uq^(1,0)  =  AF^ (0-0q)+c 
where  A=  ,  0q£[O,2tt)  and  c  is  a  constant. 

By  the  ordinary  maximum  principal  for  holomorphic  functions  Ued 
it  follows  that 


O5)  &nm  infl  lu"s 


set 


m 
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by  the  theorem  of  Favard,  Achieser  and  Krein0  Moreover,  the  Hopfi  maximum 
principal  [2,9]  shows  that 
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To  compare  the  values  of  x^U  and  W  on  3A,  note  first  the  limit 
x^s(pe1(^)  ->  S ( e1  ^ )  as  p+1  is  uniform  in  <f>e[0,27r)  so  that  by  the  Hopf 
maximum  principal 
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(18)  tas(z)  =  S(z) ,  se^m,  zecl(A). 

Now  to  show  that  the  limit  x/\U(pe1(^)  -*■  W(e^)  as  ptl  is  uniform  in  <f)e [0 ,2tt ) , 
we  observe  as  in  [9]  that  the  (Poisson)  kernel  of  t/\  is  positive  on  A. 

Then  by  an  application  of  the  Hopf  maximum  principal  and  Ko/iovkin’A  [3,7,9] 
famous  theorem  on  positive  operators,  when  the  holomorphic  function  Uecfn 
extends  continuously  to  cl (A),  the  transform  W  =  xAU  extends  continuous  to 
cl (A).  Therefore,  the  identity 
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follows  as  we  have  just  shown  that 


(20)  I  I W-S | |  „  =  | | U-s | |  „  ,  W-S  =  ta(U-s). 

L  (3A)  L  (3A)  A 


In  other  words  the  isomorphism  T/\:dn  ->  Vn  is  an  isometry,  too.  The 

form  of  the  extremal  function  Wq^  is  found  by  expanding  the  x^-associated 

extremal  functions  F^n^(0)  with  the  coefficients  identified  according  to 
eqn.  (5)  completing  the  proof. 

We  summarize  this  theorem  as  follows:  the  holomorphic  solutions  of 
eqn.  (9),  which  are  continuous  on  the  cl (A)  and  have  continuous  (n-l)st 
tangential  derivatives  along  with  the  n-th  tangential  derivative  bounded 
by  1,  can  be  approximated  by  an  error  of  no  less  than  8nm. 

The  "analytic"  version  is  the  generalization  of  Babenko's  theorem  [4] 
which  replaces  the  analytic  polynomial  approximation  by  the  holomorphic 
polynomial  set 

(21)  l/m  =  (p : P ( re1  ^ )  =  Z  c^1  k(^dk(r) ,  {cQ, . . .  ,cm)  CC} . 

k  0 

m  =  0,1,...  .  To  study  this  properly,  let  tfn  designate  the  holomorphic 
solutions  of  Pn  whose  n-th  tangential  derivative  is  bounded  in  modulus  by 
one  on  the  3A.  If  we  apply  reasoning  from  the  first  theorem  to  Babenko's 
theorem,  we  immediately  progress  to 

THEOREM  2.  The  mini -max  error  in  the  approximation  of  the  class  of 
Di richlet  problems  H  over  the  set  1/  of  holomorohic  polynomials  of 
degree  m  is  given  by 

(22)  Sup-Ci nf{  |  |  W-P  |  |  ^  ^  iPeiy  :Wefy  =  r(m-n)/T(m)  m  >  n. 


The  holomorphic  extremal  solutions  have  the  form 
U0(n)(z)  =  cWm+1(z)  +  ^  ckWk(z) 


where  c  is  a  constant. 
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CONCLUDING  REMARKS 

A  variety  of  elliptic  partial  differential  equations  that  are 
found  in  applications  [see  5,8]  have  solutions  that  may  be  represented 
as  (usually  integral)  transforms  of  associated  analytic  or  harmonic 
functions  of  a  single  complex-variable.  Moreover,  on  certain  regions 
with  Liapunov  surfaces  for  boundaries  (in  our  problem  |z|  =  1)  the 
associate  and  the  solution  are  identical.  Hence,  approximation  of  the 
associate  leads  by  a  maximum  principal  to  global  approximation  of  the 
solutior).  This  suggests  other  extensions  of  the  theorem  of  Favard, 
Achieser  and  Krein. 
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ABSTRACT 

During  1978  and  1979,  a  survey  of  unionid  mollusks  (freshwater  mussels)  was 
conducted  at  19  sites  in  the  Kaskaskia  River  to  determine  the  present  status  of 
mussels  in  the  river.  A  comparison  of  the  results  of  the  1978-79  survey  with  infor¬ 
mation  from  collections  made  prior  to  1906  and  in  1929,  1954,  and  1956  allowed  a 
determination  of  the  historical  changes  in  the  mussel  fauna. 

A  total  of  40  species  have  been  reported  from  the  Kaskaskia  River  since  the 
turn  of  the  century.  Sixteen  of  these  40  species  were  not  collected  in  1978-79. 
Amblema  plicata  was  by  far  the  most  abundant  species  in  the  1978-79  collections. 

There  was  a  dramatic  change  in  the  mussel  fauna  between  1956  and  1978.  At 
17  sites  sampled  by  hand  in  1956  and  1978-79,  there  was  a  76%  reduction  in  the 
number  of  individual  mussels;  and  the  number  of  species  declined  from  31  to  24. 
Of  the  19  sites  sampled  in  1978-79,  15  had  fewer  individuals  and  species,  three 
had  no  mussels  in  either  1956  or  1978-79  collections,  and  one  site  had  more  in¬ 
dividuals  and  species.  The  reduction  was  most  pronounced  in  the  reach  between 
the  two  impoundments. 
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INTRODUCTION 

Most  major  rivers  in  North  America  are  totally  or  partly  regulated  by  dams 
and  reservoirs  which  alter  downstream  aquatic  environments.  Until  recently, 
flow  regulation  by  controlled  releases  from  impoundments  has  proceeded  without 
consideration  of  the  ecological  consequences  downstream  (Stanford  and  Ward 
1979). 

Some  studies  concerning  the  effects  of  impoundment  of  fluvial  systems  on  the 
mussel  fauna  have  been  reported.  Many  of  these  studies  have  dealt  with  the  mussel 
communities  of  the  reservoir  environments  in  such  systems  (Bates  1962,  Klippel 
and  Parmalee  1979,  Parmalee  1955,  Riggs  and  Webb  1956,  White  and  White 
1977).  Others  have  recently  reported  changes  in  the  naiad  fauna  in  impounded 
systems  as  a  whole  without  separate  consideration  of  reservoir,  headwater  and 
tailwater  environments.  Two  such  studies,  one  of  the  upper  Mississippi  River 
(Fuller  1978)  and  the  other  on  the  Illinois  River  (Starrett  1971),  were  utilized  for 
comparison  with  the  Kaskaskia  River  mussel  fauna  because  of  the  geographical 
proximity  of  these  systems  to  the  Kaskaskia  River  and  the  similarity  of  the  com¬ 
ponents  of  the  mussel  fauna.  The  mussel  fauna  of  the  lower  Tennessee  River  had 
been  studied  before  and  after  the  installation  of  many  of  the  high  dams  (Bates 
1962,  Isom  1969  and  1971,  Ortmann  1925,  Scruggs  1960,  Stansbery  1964,  Van  der 
Schalie  1939) .  Isom’s  1969  study  was  particularly  useful  for  comparison  with  the 
Kaskaskia  River  because  separate  consideration  was  given  to  data  from  reservoirs 
and  tail  waters. 

A  study  of  the  mussel  fauna  of  the  Kaskaskia  River  in  Illinois,  which  has  two 
mainstream  impoundments,  was  undertaken  with  the  primary  objective  of  deter¬ 
mining  the  impact  of  impoundment  on  the  mussel  fauna  of  areas  upstream  and 
downstream  of  reservoirs.  A  secondary  objective  was  to  determine  the  present 
status  of  the  mussel  fauna  in  terms  of  species  composition,  abundance  and 
distribution. 


MATERIALS  AND  METHODS 

In  1978-79,  19  sites  were  sampled  (Fig.  1).  Seventeen  sites  were  handpicked 
for  three  man-hours  each  and  two  sites  (12  and  19)  were  brailed  for  100  m,  three 
times  with  a  1-1/2  m  brail.  Attempts  were  made  to  sample  all  habitats  at  a  site,  in¬ 
cluding  pools,  riffles  and  backwaters.  All  mussels  listed  from  a  site  were  collected 
alive.  Voucher  specimens  were  deposited  at  the  Illinois  Natural  History  Survey. 
River  width,  depth,  substrate  and  nearby  land  use  were  noted  at  each  site. 

Previous  studies  of  the  Kaskaskia  River  mussels,  which  provide  pre- 
impoundment  information,  include  Baker  (1906),  Luce  (1933)  and  the  field  notes 
and  shell  collections  of  P.W.  Parmalee  and  of  M.R.  Matteson.  Baker’s,  Luce’s  and 
Parmalee’s  data  provide  qualitative  information  about  the  mussel  fauna.  Data 
from  Matteson’s  study  are  quantitative  and  were  comparable  to  those  of  the  pre¬ 
sent  study  because  similar  sampling  methodology  was  used. 

Baker,  whose  information  was  supplied  by  A. A.  Hinkley,  did  not  list  precise 
collection  sites  or  dates.  Luce  collected  in  five  areas  in  1929;  Parmalee  collected  at 
three  sites  in  1954  and  1956;  and  Matteson  collected  at  27  sites  in  1956.  Sites 
sampled  in  the  present  study  corresponded  to  those  sampled  by  Matteson.  Eight 
sites  sampled  by  Matteson  could  not  be  resampled  in  1978-79  because  of  the  effects 
of  channelization  and  reservoir  construction. 
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DESCRIPTION  OF  THE  STUDY  AREA 

The  Kaskaskia  River,  which  is  Illinois’  second  longest  intrastate  stream, 
originates  in  east-central  Illinois  and  flows  southwesterly  for  475  km  before 
discharging  into  the  Mississippi  River.  Man-made  alterations  in  the  basin  began  in 
late  1800’s  with  channel  clearing  and  straightening  to  improve  agricultural 
drainage.  Two  mainstream  impoundments  were  built  by  the  U.S.  Army  Corps  of 
Engineers,  one  at  Carlyle  was  completed  in  1966  (105  km2  and  the  other  at 
Shelbyville  in  1970  (45km2).  To  facilitate  barge  traffic,  the  lower  81  km  of  the 
river  have  recently  been  dredged  and  straightened  and  the  flow  controlled  by  a 
lock  and  dam  at  the  mouth  of  the  river.  The  main  sources  of  pollution  in  the  basin 
are  from  agricultural  practices  (fertilizer  and  pesticide  runoff  and  soil  erosion) 
and  coal  mining  (Larimore  1978). 

The  19  stations  sampled  were  divided  into  four  groups  on  the  basis  of  location 
and  present  habitat  conditions:  Kaskaskia  River  headwaters  (sites  1-9),  Lake 
Shelbyville  headwaters  (10-12),  Lake  Shelbyville  tailwaters  (13-16)  and  Carlyle 
Lake  tailwaters  (17-19).  In  the  Kaskaskia  River  headwaters,  sand  and  silt  were  the 
predominant  substrate  types;  small  percentages  of  gravel  occurred  at  sites  1,  2,  3, 
5,  and  7.  The  Lake  Shelbyville  headwaters  substrate  consisted  of  large  percentages 
of  silt  and  debris  in  comparison  to  the  other  sites  in  the  river.  Site  13  in  the  Lake 
Shelbyville  tailwaters  had  a  sand-gravel-silt  substrate  with  gravel  representing  a 
larger  portion  of  the  substrate  than  at  the  sites  upstream  of  Shelbyville.  At  sites 
14-16,  sand  was  the  predominant  substrate.  In  the  Carlyle  Lake  tailwaters  there 
were  sand-gravel-silt  substrates  at  sites  17  and  18;  gravel  represented  relatively 
large  percentages  of  the  substrate  in  comparison  to  other  sites. 

RESULTS  AND  DISCUSSION 

Present  Abundance  and  Distribution 

Mussels  representing  24  species  were  collected  in  51  man-hours  of  hand 
sampling.  Present  abundance  and  distribution  data  for  each  site  are  given  in 
Table  1.  The  three  most  abundant  species  comprised  70%  of  the  total  number  of 
individuals  collected.  Amblema  plicata ,  a  common  and  widespread  species  in  Il¬ 
linois,  was  the  most  abundant  species  (48.6%  of  the  number  of  individuals  col¬ 
lected).  Lampsilis  ovata  ventricosa  and  Leptodea  fragilis  represented  11.6  and 
10.4%  of  the  total  number  of  individuals  collected,  respectively. 

In  the  1978-79  study,  the  number  of  individuals  found  at  a  site  ranged  from  0 
to  179;  and  the  number  of  species  ranged  from  0  to  12  (Table  1).  No  mussels  were 
found  at  nine  sites  (1,  2,  3,  8,  9,  11,  12,  14,  and  19).  Several  factors  may  be 
responsible  for  lack  of  mussels  at  these  sites.  Sites  1,  2,  8,  and  9  had  supported  no 
or  few  mussels  in  1956.  The  fauna  at  site  3  had  been  dominated  in  1956  by  two 
species,  Anodontoides  ferussacianus  and  Strophitus  undulatus ,  which  have  declin¬ 
ed  in  abundance  in  the  Kaskaskia  River  in  the  past  25  years.  The  sandy  substrate 
found  at  site  11  in  1956  was  heavily  silted  in  1978-79.  The  sand-gravel  riffle  at  site 
12,  which  had  supported  the  largest  mussel  community  in  the  river  in  1956,  was 
replaced  by  slack  water  from  Lake  Shelbyville.  At  site  14,  mussels  were  restricted 
to  the  margins  by  a  shifting  sand  substrate  in  midchannel  in  1956;  in  1978-79,  the 
substrate  at  the  margins  consisted  of  thick  silt  deposited  by  the  sloughing  of  the 
banks.  During  1956,  mussels  were  collected  at  site  19  on  a  narrow  silt  ledge  which 
was  not  present  in  1978-79. 
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Depauperate  mussel  populations  (i.e.,  characterized  by  low  abundance  and 
diversity)  were  found  at  sites  4,  15  and  16.  Mussel  communities  above  Lake 
Shelbyville  (sites  6,  7  and  10),  at  site  13  in  the  Lake  Shelbyville  tailwaters  and  in 
Carlyle  Lake  tailwaters  (sites  17  and  18)  were  relatively  healthy  in  terms  of  abun¬ 
dance  and/or  diversity  (27-179  mussels  representing  8-12  species). 

The  sites  sampled  by  hand  in  the  Kaskaskia  River  upstream  of  the  reservoirs 
(sites  1-11)  supported  greater  abundances  but  fewer  species  (32.2  individuals/site 
and  15  species)  than  the  rest  of  the  river  (24.0  individuals/site  and  20  species).  The 
reach  between  reservoirs  (sites  13-16)  supported  fewer  species  and  lower  abun¬ 
dances  of  mussels  (12.2  individuals/site  and  13  species)  than  either  the  hand 
sampled  sites  upstream  of  the  reservoirs  or  in  the  hand  sampled  sites  in  the  Carlyle 
Lake  tailwaters  (47.5  individuals/site  and  18  species).  Carlyle  Lake  tailwaters  sites 
supported  the  largest  average  abundances  and  the  greatest  number  of  species  com¬ 
pared  to  the  other  reaches. 

HISTORICAL  COMPARISON 

Forty  species  of  mussels  have  been  reported  in  the  Kaskaskia  River  since  the 
turn  of  the  century.  The  numbers  of  species  collected  prior  to  1906,  and  in  1929, 
1954  and  1956,  and  1978-79  were  25,  23,  35,  and  24  respectively  (Table  2).  The 
increase  in  number  of  species  reported  in  1954  and  1956  is  probably  the  result  of 
more  intensive  collecting.  Sixteen  species  collected  in  studies  prior  to  1978-79  were 
not  found  in  1978-79;  of  these  16  species,  three  were  last  reported  in  1906;  one  in 
1929,  and  12  in  1954  or  1956  (Table  2). 

Between  1956  and  1978-79,  the  number  of  species  collected  declined  from  31 
to  24,  with  a  concurrent  76%  reduction  in  the  number  of  individuals  collected 
(Table  1).  Comparisons  between  1956  and  1978-79  data  exclude  data  from  sites  12 
and  19  which  were  sampled  by  brail  in  1978-79.  The  average  number  of  in¬ 
dividuals/sites  declined  from  121.4  in  1956  to  29.3  in  1978-79.  Sites  3,  8,  11,  and 
14,  which  supported  mussels  in  1956,  were  lacking  mussels  in  1978-79.  Excluding 
sites  1,  2,  and  9,  where  no  mussels  were  found  in  1956,  fewer  individuals  and 
number  of  species  were  found  at  all  sites  except  7  (Fig.  2).  At  site  7,  no  mussels 
were  found  in  1956,  but  11  species  were  collected  in  1978.  In  1956,  the  habitat 
may  have  been  unsuitable  for  mussels;  Matteson  noted  deep  silt  and  an  oil  scum  on 
the  water,  neither  condition  was  present  in  1979. 

Almost  all  species  were  less  abundant  and  almost  all  species  were  found  at 
fewer  sites  in  1978-79  than  in  1956.  Nine  species  collected  by  Matteson  in  1956 
were  not  recollected  in  1978-79.  The  1978-79  abundances  of  the  five  most  abun¬ 
dant  species  in  1956  ranged  from  4.1  to  45.6%  of  their  1956  abundances. 

In  1956  the  eight  most  abundant  species  totaled  about  70  %  of  the  individuals 
collected;  in  1978-79  the  three  most  abundant  species  comprised  70%  of  the 
fauna.  The  remaining  30%  of  the  individuals  collected  were  distributed  among  23 
species  in  1956  and  21  species  in  1978-79. 

There  has  been  a  substantial  decrease  in  abundance  and  number  of  species  of 
mussels  in  the  Kaskaskia  River  between  1956  and  1978-79;  these  changes  reflect 
impacts  of  the  reservoirs  and  watershed  land  use.  Similar  declines  have  been 
documented  recently  in  other  rivers  within  Illinois:  the  Illinois  (Starrett  1971), 
Kankakee  (L.  Suloway,  in  press),  Little  Wabash  (L.  Suloway,  unpublished),  Rock 
(Miller  1972),  and  Vermilion  (Matteson  and  Dexter  1966,  J.  Suloway  1975). 
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EFFECTS  OF  IMPOUNDMENT 

The  Kaskaskia  River  can  be  divided  into  two  areas  on  the  basis  of  changes 
observed  in  collections  between  1956  and  1978-79.  Sites  1-9,  or  Area  I,  is  relative¬ 
ly  unaffected  by  the  impoundments.  The  remaining  sites  (Area  II)  are  either 
directly  or  indirectly  affected  by  Lake  Shelbyville  and  Carlyle  Lake.  (Com¬ 
parisons  between  these  two  areas  in  1956  and  1978-79  exclude  sites  12  and  19). 
The  Lake  Shelbyville  headwaters  (sites  10-12)  are  subject  to  reduced  current  and 
periodic  impoundment;  silt  and  debris  overlie  the  sand-gravel  substrate  noted  in 
1956.  Sites  downstream  from  the  reservoirs  are  subject  to  flows  modified  by  con¬ 
trolled  releases  from  the  lakes.  Bank  erosion,  sedimentation,  and  substrate  in¬ 
stability  caused  by  high  or  variable  flows  have  been  observed  below  both  reser¬ 
voirs  (Bhowmik  1979).  Noticeable  bank  erosion  had  occurred  at  sites  16,  18,  and 
19. 

Mussel  populations  were  more  reduced  in  Area  II  (89%  decrease  in  abun¬ 
dance  and  a  loss  of  9  species)  than  in  Area  I  (37  %  decrease  and  a  loss  of  four 
species)  between  1956  and  1978-79  (Table  3).  The  sites  immediately  below  the 
reservoirs  were  less  affected  than  other  sites.  Site  13  in  the  Lake  Shelbyville 
tailwater  and  sites  in  Carlyle  Lake  tailwater  (17  and  18)  supported  at  least  11 
species.  These  three  sites  are  presently  the  richest  in  terms  of  abundances  and 
number  of  species  in  Area  II,  whereas  in  1956,  they  were  average  (Fig.  2). 

Baker  (1922)  reported  9  more  species  immediately  below  a  dam  on  the  Ver¬ 
milion  River  in  Illinois  than  in  the  13-km  stretch  above  the  dam.  In  the  19-km 
stretch  of  the  Tennessee  River  immediately  below  Kentucky  Dam,  Williams 
(1969)  found  mussels  to  be  fairly  abundant,  and  he  found  “good”  beds  just  below 
all  but  one  of  the  six  dams  on  the  Green  River,  while  the  remaining  areas  of  the 
river  contained  few,  if  any,  living  mussels.  After  studying  the  mussel  fauna  in  an 
854-km  stretch  of  the  lower  Tennessee  River,  Isom  (1969)  found  approximately 
282-km  of  suitable  habitat  for  mussels,  mostly  in  the  tailwater  reaches  of  the  river. 

The  potential  downstream  effects  of  impoundments  are  numerous  (Baxter 
1977).  Changes  in  sediment  transport,  primary  production,  temperature  regimes, 
amplitude  of  long  period  variation  in  water  level,  and  fish  migration  patterns  are 
some  of  the  effects.  The  net  effect  of  the  conditions  in  many  tailwater  reaches  is  to 
maintain  or  create  an  environment  favorable  for  the  existence  of  mussels,  at  least 
in  comparison  to  other  areas  of  the  river.  It  should  be  noted  that  the  mussel  fauna 
below  dams  still  exhibit  reductions  in  abundance  in  comparison  to  the  original 
fauna,  such  as  that  dramatically  shown  for  the  Muscle  Shoals  region  of  the  Ten¬ 
nessee  River  (Stansbery  1964)  and  in  the  Kaskaskia  River. 

POTENTIAL  DETRIMENTAL  FACTORS 

Several  factors  have  been  responsible  for  the  decline  or  extirpation  of  some  of 
the  16  species  not  recollected  in  1978-79.  All  but  two  species  ((Anodontoides 
ferussacianus  and  Truncilla  truncata)  were  absent  or  uncommon  in  the  Kaskaskia 
River  in  1956.  Of  3,454  specimens  collected  by  Matteson  in  the  Kaskaskia,  none  of 
the  uncommon  species  was  represented  by  more  than  21  specimens.  Some  species 
were  collected  only  in  areas  subsequently  altered  by  channelization  and  reservoir 
construction.  Dysnomia  triquetra  was  found  only  at  site  12  in  1956,  which  was 
later  inundated  by  Lake  Shelbyville.  Fusconaia  ebena  was  collected  at  Evansville 
in  1956  in  a  reach  that  was  recently  channelized  for  barge  traffic.  Large  river 
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species  such  as  Elliptio  crassidens,  Ellipsaria  lineolata  and  F.  ebena  (Parmalee 
1967)  may  have  been  strays  from  the  Mississippi  River  and,  even  if  they  were  ex¬ 
tant  in  the  Kaskaskia,  they  have  probably  been  eliminated  by  the  recent  chan¬ 
nelization  of  the  large  river  habitats  of  the  Kaskaskia  River.  Since  its  impound¬ 
ment,  the  Kaskaskia  River  may  be  less  suitable  for  species  preferring  good  current 
i.e.,  Plethobasns  cyphyus ,  Lasmigona  costata ,  Dysnomia  triquetra  and  Truncilla 
truncata.  In  addition,  the  extirpation  of  any  of  these  16  species  may  be  function  of 
the  presence  and  abundance  of  their  fish  hosts.  Of  the  16  mussel  species  not 
recollected  in  1978-79  and  for  which  fish  hosts  are  known  (as  summarized  by 
Fuller  1978),  at  least  one  fish  host  existed  in  the  Kaskaskia  River  in  1977-79  (Her¬ 
ricks,  unpub.,  and  Illinois  Natural  History  Survey  fish  collection  data).  However, 
the  fish  hosts  for  Elliptio  crassidens,  Pletobasus  cyphyus  and  Anodontoides 
ferussacianus  were  uncommon  in  the  Kaskaskia  River  in  1977-79.  It  is  not  known 
whether  the  abundances  and  distributions  of  the  fish  host  species  were  or  are  suffi¬ 
cient  to  perpetuate  the  existence  of  any  of  the  16  mussel  species  no  longer  found  in 
the  Kaskaskia  River. 

Whatever  the  factors  involved  in  the  apparent  extirpation  of  the  16  mussel 
species  from  the  Kaskaskia,  some  of  these  species  have  suffered  the  same  fate  in 
other  impounded  systems,  i.e.,  the  lower  Tennessee,  upper  Mississippi  and  Illinois 
Rivers.  Eleven  of  the  16  species  have  not  been  recollected  from  at  least  one  of  the 
systems:  Dysnomia  triquetra  have  not  been  recollected  in  any  of  the  three  systems 
(Table  2) . 

Among  the  24  mussel  species  collected  in  1978-79  in  the  Kaskaskia,  23  had 
survived  impoundment  of  the  lower  Tennessee,  upper  Mississippi  and/or  Illinois 
Rivers  and  14  survived  in  all  three  systems  (Table  2).  Alasmidonta  marginata  had 
not  been  recollected  in  the  upper  Mississippi  or  Illinois  Rivers;  it  is  primarily  an 
inhabitant  of  small  rivers  (Parmalee  1967)  and  as  such  has  never  been  an  impor¬ 
tant  component  of  the  upper  Mississippi  mussel  fauna  (Fuller  1978).  In  the  Illinois 
River,  A.  marginata  was  probably  eliminated  by  pollution  before  the  high  dams 
were  installed  (Starrett  1971). 
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Figure  1.  Sites  on  the  Kaskaskia  River  sampled  for  mussels  in  1978-79. 
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Figure  2.  Number  of  species  and  number  of  individual  mussels  at  sampling  sites  in  the  Kaskaskia  River 
in  1956  and  1978-79. 
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ABSTRACT 

The  effects  of  various  concentrations  of  the  herbicides  Sutan,  Lasso,  Vernam, 
Eptam,  Ro-Neet,  and  2,4,5,-T  on  longevity  of  miracidia  of  Schistosoma  mansoni 
were  determined  in  depression  slides.  Observations  were  made  at  hourly  intervals 
on  pond  water  controls  and  lower  concentrations  of  herbicides,  while  in  higher 
concentrations  the  exact  time  of  miracidial  death  was  recorded.  During  the 
bioassays,  no  major  changes  were  observed  at  the  beginning  and  end  of  each  trial 
in  temperature,  dissolved  oxygen,  and  pH.  Toxicity  was  measured  by  determining 
half-life  values  from  mortality  curves.  The  most  toxic  herbicides  at  low  concentra¬ 
tions  (1  ppm)  were  Sutan,  Lasso,  and  Vernam  which  reduced  half-life  values  over 
50%  when  compared  to  pond  water  controls.  At  concentrations  between  20  and 
30  ppm,  Sutan  and  Ro-Neet  were  the  most  effective  miracidicides.  Although  Ep¬ 
tam  and  2,4,5-T  were  the  most  soluble  herbicides,  they  were  the  least  effective  at 
killing  miracidia. 

The  blood  fluke,  Schistosoma  mansoni ,  is  one  of  the  causative  agents  of 
schistosomiasis.  This  disease  affects  millions  of  people  in  the  world  and  control  ef¬ 
forts  to  stop  its  transmission  have  been  of  major  interest  to  scientists  and  govern¬ 
ment  officials  in  many  countries.  At  present  most  of  these  efforts  have  been 
directed  at  ridding  humans  of  the  adult  worm  by  chemotherapeutic  drugs  and 
eliminating  the  snail  intermediate  host  with  molluscicidal  agents.  In  recent  years 
some  attention  has  been  paid  to  elimination  of  the  aquatic  stages  of  the  life  cycle, 
the  cercariae  and  miracidia,  as  a  possible  means  of  control.  Shortly  after  DDT 
became  available  as  an  insecticide  it  was  evaluated  as  a  possible  control  agent  for 
cercariae  of  Schistosoma  mansoni  (Kuntz  and  Stirewalt,  1946).  Later  a  study  car¬ 
ried  out  by  the  U.S.  Army  (1959)  in  Japan  showed  that  miracidia  of  Schistosoma 
japonicum  were  sensitive  to  low  concentrations  of  two  molluscicides,  dinitro-o- 
cyclohexylphenol  (DN-1)  and  sodium  pentachlorophenate  (Na-PCP). 

In  this  study  attention  was  focused  on  the  effect  of  several  different  her¬ 
bicides  on  the  miracidial  stage  of  S.  mansoni.  The  compounds  used  were  Sutan, 
Lasso,  Ro-Neet,  Vernam,  Eptam,  and  2,4,5,-T.  Since  these  herbicides  are  present 
in  small  concentrations  as  pollutants  in  agricultural  runoff  water,  the  effect  of  dif¬ 
ferent  concentrations  on  miracidial  longevity  were  assessed. 
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MATERIALS  AND  METHODS 

The  life  cycle  of  S.  mansoni  was  maintained  in  mice  and  the  snail  host,  Biom- 
phalaria  glabrata.  Miracidia  were  obtained  by  diluting  homogenized  liver  tissue 
containing  eggs  with  pond  water  in  a  hatching  flask  (an  Erlenmeyer  flask  covered 
with  black  tape  and  topped  by  a  one-holed  rubber  stopper  fitted  with  a  vertical 
glass  tube).  Miracidia  that  hatched  in  the  flask  concentrated  in  the  tube  and  were 
removed  from  the  open  end  with  a  micropipette. 

The  herbicides  Sutan  (Butylate),  Ro-Neet  (Cycloate),  Vernam  (Vernolate), 
and  Eptam  (EPTC)  were  obtained  from  the  Stauffer  Chemical  Company  while 
Lasso  (Alachlor)  and  2,4,5-T  were  supplied  by  Monsanto,  Inc.  Herbicides  were 
diluted  with  pond  water  to  give  solutions  ranging  from  1  ppm  to  maximum 
solubility  of  active  ingredient.  Miracidia  were  tested  at  room  temperature  in  1  x 
3"  elliptical  depression  slides  with  a  well  volume  of  1  ml.  For  each  concentration 
of  herbicide  two  slides,  each  containing  15  miracidia,  were  used.  A  slide  con¬ 
taining  miracidia  in  pond  water  was  observed  concurrently  with  each  experimen¬ 
tal  trial  as  a  control.  Counts  of  free-swimming  miracidia  were  made  at  hourly  in¬ 
tervals.  At  higher  concentrations  of  herbicides,  where  mortality  of  miracidia  was 
higher,  the  slides  were  monitored  constantly  and  deaths  recorded  in  minutes  and 
hours. 

For  each  bioassay  the  pH  of  the  chemical  solution  and  the  pond  water  used 
were  determined  with  a  Corning  pH  meter.  These  readings  were  found  to  vary 
from  pH  7.2  to  7.9  for  the  various  herbicides,  well  within  the  range  for  normal  ac¬ 
tivities  of  S.  mansoni  miracidia  (Maldonado,  Acosta-Matienzo,  and  Herrera, 
1950).  Dissolved  oxygen  levels  of  the  pond  water  and  herbicide  solutions  were 
determined  before  and  after  each  trial  with  a  galvanic  cell  oxygen  analyzer 
(Yellow  Springs)  and  found  to  range  from  7.2  to  6.6  ppm.  Bruce  et  al.  (1971) 
reported  the  oxygen  requirements  for  S.  mansoni  miracidia  to  be  6  1/hr/ 1,000 
miracidia.  Thus  there  was  more  than  adequate  oxygen  for  the  metabolic  re¬ 
quirements  of  the  miracidia  in  the  test  vessels. 

Half-life  values  or  the  time  required  for  50%  mortality  of  miracidia  were 
determined  graphically  from  longevity  curves  plotted  for  each  herbicide  and  con¬ 
trol  trial.  This  parameter  was  used  because  of  its  frequent  appearance  in  literature 
on  miracidial  longevity  and  for  comparative  purposes. 

RESULTS 

A  normal  longevity  curve  for  miracidia  used  in  all  the  pond  water  controls 
was  constructed  (Figure  1) .  This  indicated  that  miracidia  die  at  almost  a  constant 
rate  rather  than  during  a  short  period  of  time  when  their  glycogen  may  become 
exhausted.  Thus,  some  natural  mortality  can  be  expected  in  the  first  hours  of  the 
experimental  trials.  The  average  half-life  of  untreated  miracidia  was  5  hours  as 
determined  from  Figure  1. 

In  the  experimental  trials  the  least  toxic  herbicides  were  Eptam  and  2,4,5-T. 
Half-life  data  plotted  against  concentrations  of  these  two  herbicides  are  given  in 
Figure  2.  Because  of  the  high  maximum  solubility  of  these  herbicides,  larger  con¬ 
centration  intervals  were  used  than  for  the  other  herbicides.  For  Eptam  half-life 
figures  for  miracidia  decline  steadily  with  increasing  concentration.  At  the  highest 
concentration  used  (175  ppm),  miracidia  were  killed  in  less  than  a  minute.  In 
general,  2,4,5-T  was  the  least  toxic  herbicide  of  those  tested.  The  half-life  ob- 
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served  at  5  ppm  was  approximately  2  hours  but  increased  concentration  of  her¬ 
bicide  did  not  give  the  dramatic  reduction  in  half-life  that  was  observed  with  the 
other  herbicides.  Even  at  maximum  solubility  (150  ppm)  miracidia  showed  a  half- 
life  of  30  minutes. 

The  half-life  data  for  the  most  toxic  herbicides  are  given  in  Figure  3.  Of  these 
four  herbicides,  Sutan  was  the  most  efficient  at  killing  miracidia. 

The  half-life  curve  descends  from  2.5  hours  at  1  ppm  to  death  in  minutes  at 
40  ppm.  Lasso  and  Vernam  were  equally  effective  at  concentrations  of  1  ppm  but 
were  not  quite  as  toxic  to  miracidia  at  higher  concentrations,  both  requiring  60 
ppm  concentrations  to  reach  the  toxicity  of  Sutan  at  40  ppm.  Ro-Neet  was  the 
least  effective  of  all  the  herbicides  tested  at  1  ppm,  the  miracidial  half-life  being 
the  same  as  the  pond  water  control.  However,  at  concentrations  of  20,  30,  and  40 
ppm,  Ro-Neet  was  as  toxic  as  Sutan  and  at  20  ppm  killed  miracidia  faster  than 
either  Lasso  or  Vernam. 

DISCUSSION 

Combined  data  on  the  longevity  of  S.  mansoni  miracidia  in  pond  water  gave 
an  average  maximum  life  span  and  half-life  of  11.9  and  5.0  hours,  respectively. 
The  maximum  life  span  of  the  miracidia  was  2  to  3  hours  longer  than  previously 
reported  by  Maldonado  and  Acosta- Matienzo  (1947).  In  contrast,  Lampe  (1927) 
stated  that  the  miracidia  of  S.  mansoni  survive  40  hours  at  33°  C,  while  Schreiber 
and  Schuster  (1949)  reported  a  half-life  of  8  hours  and  a  maximum  life  span  of  22 
hours.  Miracidia  do  not  feed  but  their  life  span  can  be  increased  by  adding  glucose 
to  the  aqueous  medium  (unpublished  data).  Natural  death  occurs  when  stored 
glycogen  is  exhausted  (Maldonado  et  al.,  1950).  Differences  in  longevity  data 
from  various  studies  may  be  explained  by  the  quality  of  water  used  or  en¬ 
vironmental  factors  including  temperature,  dissolved  oxygen,  pH,  and  light  con¬ 
ditions.  Another  important  difference  may  be  the  time  the  eggs  have  been  con¬ 
fined  within  the  host  tissue  before  hatching.  It  is  possible  aging  of  the  miracidia 
began  while  eggs  were  still  within  the  host  and  the  more  extended  this  phase  is  the 
higher  will  be  the  death  rate  of  miracidia  soon  after  hatching.  In  support  of  this, 
Maldonado  and  Acosta-Matienzo  (1947)  found  miracidia  from  old  eggs  live  1  to  2 
hours,  even  under  the  most  favorable  conditions,  while  viable  young  eggs  pro¬ 
duced  miracidia  which  had  a  longer  life  span. 

All  of  the  herbicides  used  in  this  study  caused  an  increased  mortality  of 
miracidia  when  compared  to  the  pond  water  controls.  Sutan,  Lasso,  Ro-Neet,  and 
Vernam  were  considered  the  most  effective  miracidicidal  agents,  while  Eptam 
and  2,4,5-T  required  greater  concentrations  of  active  ingredient  to  reduce  half- 
life  determinations  below  one  hour.  Sutan,  Lasso,  and  Vernam  reduced  by  one 
half  half-life  values  at  concentrations  of  1  ppm  when  compared  to  controls,  while 
Sutan  and  Ro-Neet  were  the  most  effective  miracidicides  at  20  to  30  ppm. 

Very  few  studies  have  been  carried  out  on  the  effects  of  various  chemical 
compounds  on  the  longevity  of  miracidia.  A  laboratory  study  completed  at  the 
406th  Medical  General  Laboratory  (1959)  in  Japan  found  that  two  commonly 
used  molluscicides,  DN-1  and  Na-PCP,  would  kill  S.  japonicum  miracidia  at  very 
low  concentrations.  Immobilization  of  miracidia  was  achieved  within  30  minutes 
with  0.125  to  1.0  ppm  of  DN-1  and  2  ppm  of  Na-PCP.  Thus  these  chemicals  not 
only  act  in  controlling  schistosomiasis  by  killing  snails  but  also  by  removing 
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miracidia  from  the  aquatic  environment.  However,  both  molluscicides  are  non- 
selective  respiratory  poisons  and  caution  must  be  used  when  applying  them  to  an 
ecosystem . 

There  is  only  fragmentary  knowledge  concerning  the  mode  of  action  of  the 
great  array  of  commonly  used  herbicides  (Ashton  and  Crafts,  1973).  Generally 
they  inhibit  protein  synthesis  of  plants  and  the  available  supply  of  ATP  or  other 
energy-rich  compounds  required  for  protein  synthesis.  This  inactivation  of  protein 
synthesis  may  be  the  cause  of  decreased  longevity  of  miracidia  swimming  in  dilute 
solutions  of  herbicides. 

Several  studies  reporting  the  effect  of  various  herbicides  on  higher  animals, 
such  as  fish,  rabbits,  and  rats,  have  been  carried  out.  However,  the  results  of  these 
studies  are  difficult  to  compare  to  the  effects  of  herbicides  on  miracidia.  First, 
data  are  calculated  as  LD50  or  TLm  (Median  Tolerance  Limit)  and  usually  appear 
in  units  of  48-  or  96-hour  toxicities.  Since  miracidia  would  die  naturally  before 
this  period,  comparisons  are  difficult.  Secondly,  miracidia  are  nonfeeding  in¬ 
vertebrates  and  have  little  in  common  with  feeding  vertebrates. 

It  is  evident  from  this  work  that  transmission  of  schistosomiasis  could  be 
hindered  by  applying  an  appropriate  concentration  of  the  most  effective  her¬ 
bicides  (Sutan,  Lasso,  Ro-Neet,  and  Vernam)  to  snail  habitats.  In  tropical  coun¬ 
tries  S.  mansoni  is  transmitted  by  the  snail,  B.  glabrata ,  which  is  found  in  a  range 
of  habitats  such  as  reservoirs,  banana  drains,  ponds,  marshes,  streams,  and  irriga¬ 
tion  canals.  Weeds  in  these  waters  provide  a  suitable  cover  and  food  source  for 
these  snails.  Therefore,  application  of  the  appropriate  concentrations  of  her¬ 
bicides  would  control  not  only  the  vegetation  but  might  hinder  the  transmission  of 
schistosomiasis  by  reducing  the  possibility  of  snail-miracidium  contact.  The 
results  of  this  study  also  indicate  that  runoff  waters  from  agricultural  areas  where 
herbicides  are  being  used  for  weed  control  in  upland  situations  might  be  lethal  to 
miracidia  of  S.  mansoni  and  inadvertently  help  control  the  disease. 
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FIGURE  1.  A  composite  longevity  curve  for  Schistosoma  mansoni  miracida  (N  =  415)  in  pond  water  controls. 
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FIGURE  2.  Half-life  values  of  Schistosoma  mansoni  miracidia  in  various  concentrations  of  herbicides. 
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FIGURE  3.  Half-life  values  of  Schistosoma  mansoni  miracidia  in  various  concentrations  of  herbicides. 
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ABSTRACT.  We  show  that  the  only  bounded  analytic  func¬ 
tions  in  the  unit  disc,  that  are  almost  periodic  with 
respect  to  the  group  of  Mobius  transformations  which 
have  z  =  1  as  fixed  point,  are  the  constant  functions. 
The  main  purpose  of  this  article  is  to  throw  open  the 
question  of  determining  exactly  which  subgroups  of  the 
Mobius  group  allow  non-constant  bounded  analytic  func¬ 
tions  that  are  almost  periodic.  Our  main  theorem  may 
be  regarded  as  a  first  step  in  this  direction. 


To  be  more  precise,  let  ID  =  { | z |  <  1 }  be  the  unit  disc  in  the 
complex  plane  (E,  and  let  H°°(1D)  be  the  space  of  all  bounded  analytic 
functions  on  ID,  in  the  supremum  norm  topology.  Let  M  be  the  Mobius 
group  of  all  one: one  conformal  maps  ^  of  ID  onto  ID; 

2+z 

*(z)  “  eU  I«T  >  zo  ero’  Aem' 

O 

oo 

Definition.  If  G  is  a  subgroup  of  M  and  if  f  E  II  (ID)  ,  then  we 
say  that  f  is  G  almost  periodic  if  the  orbit  of  f  under  G, 


orb(f:G)  ={f  °  G}, 


is  a  precompact  subset  of  H  (ID) . 

Definition.  Let  G  be  the  subgroup  of  M  consisting  of  all  ip  €E  M 
with  'P(l)  =  1.  Let  G  be  the  subgroup  of  M  consisting  of  all 

V7  e  M  with  y?(l)  =  1  and  <*?(-!)  =  -1. 
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Note.  G  consists  of  all  maps 
o 


<p(z) 


1+z 

o 


1+z 

o 


z+z 

o 


1+z  z  * 
o 


e  ID. 


Thus  we  see  that  is  a  group  with  two  real  parameters,  and  it  is 

locally  compact  as  a  closed  subgroup  of  M.  We  may  map  ID  conformally 

onto  the  upper  half-plane  IH=  (ira  z  >  0}  via  w  =  i(z+l)/(z-l)  so 

that  z  =  -1  goes  to  w  =  0  and  z  =  +1  goes  to  w  =  °°.  Thus  M 

becomes  the  group  M  =  PSL(2,IR)  which  is  a  well-known  locally  compact 

group,  consisting  of  all  linear  fractional  transformations 

0  =  (az+b) / (cz+d)  where  a,b,c,d  £  IR  and  ad  -  be  =  1.  It  is  easy  to 

see  that  G  becomes  the  affine  group  G  =  {^(w)  =  aw+b;  a  >0,  b  SIR}, 
o  o 

since  these  ^  are  just  the  conformal  self-maps  of  IH  that  leave  00 
fixed.  The  problem  of  determining  all  Gq  almost  periodic  functions  is 

thus  equivalent  to  the  problem  of  determining  all  G  almost  periodic 

OO  ^ 

functions  F  G  H  (IH)  ,  where  "Gq  almost  periodic"  has  a  meaning  that 
corresponds  in  the  obvious  way  to  "Gq  almost  periodic". 

Our  main  theorem  says  that  the  only  such  functions  are  constants. 

By  contrast,  there  are  many  almost  periodic  functions  in  H°°(ID) , 

as  one  sees  by  mapping  ID  onto  a  horizontal  strip  so  that  z  =  1  goes 

to  w  =  +°°  and  z  =  -1  goes  to  w  =  -°°.  Then  G  becomes  G  ,  the 

°  oo  oo 

group  of  all  real  translations,  and  the  Gqq  almost  periodic  functions 

are  just  the  analytic  functions  in  the  strip  that  are  almost  periodic  in 
the  usual  sense  (see  Besicovitch,  1954).  We  take  this  occasion  to 
acknowledge  valuable  discussions  with  I.  D.  Berg  and  Robert  Kaufman. 

OO 

Theorem.  The  only  G  almost  periodic  functions  f  £  H  (ID)  are  the 
constant  functions. 


Remark.  By  contrast,  there  are  plenty  of  non-constant  analytic  functions 
that  are  almost  periodic  with  respect  to  certain  groups  described  by  two 
or  more  parameters  (see  4sisoff,  1965,  Petersen,  1938,  Tornehave,  1958, 
Tornehave,  1965).  Hence  the  dimension  alone  of  the  group  does  not  seem 
co  be  crucial. 

Some  ideas  of  a  related  nature  are  taken  up  in  Horneffer,  1962, 

Maak,  1959,  and  Maak,  1960,  the  most  striking  difference  being  that 
they  consider  discrete  groups  G  in  contrast  to  the  continuous  groups 
G  of  the  present  paper. 

Proof  of  the  Theorem.  Following  the^early  remarks,  it  is  equivalent  to 
prove  the  corresponding  result  for  G  .  So  let  F  £  H°°(IH)  be  G 

•k  °  ® 

almost  periodic.  We  denote  by  F  the  non-tangent ial  boundary  function 
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F  (x)  =  lim  F(x+iy),  x  €=  IR 
y -K)+ 

•k  oo 

that  is  associated  with  F.  Now  F  (IR)  and  we  recall  that  the 

correspondence  F  F*  sets  up  an  isometric  isomorphism  between  H°°(IH) 
and  a  certain  subspace  of  L°°(3R)  that  we  call  H°°(IR)  .  Moreover,  F 
is  a  constant  function  if  and  only  if  F*  is  the  same  constant  function. 

Now  orb(F:G  ),  being  precompact  and  metric,  must  be  separable. 
Hence  orb(F  :G  )  is  separable  in  L°°(IR)  .  We  will  use  this  to  show 
that  F  "is  uniformly  continuous"  on  IR  .  To  do  this,  we  realize  Gq 

geometrically  as^the  upper  half-plane  3H=  (b  +  ia  :  a  >  0,  b  £  IR}  ,  and 

define  for  lO  E  G  , 

o 

K(i^)  =  F* (ijj(l)  ) 

and  write 

K(a,b)  =  F*(a+b). 

OO  ~  ~ 

We  will  first  prove  that  K(\p)  6L  (G  ) .  Let  y  be  Haar  measure  on  G  . 

k 

If  E  is  the  set  of  Lebesgue  measure  zero  in  IR,  off  of  which  F  is 
defined  and  bounded,  then  K(a,b)  is  defined  for  all  (a,b)  E,  where 


E  =  (b+ia  :a+b£E}, 


-2 

and  we  must  show  that  y(E)  =  0.  But  dy(a,b)  =  a  dadb,  as  a  simple 
calculation  shows,  and 


U(E) 


.00  . OO 


'  a=0  1  b=-°° 


XE (a+b)dadb , 


where  X  is  the  characteristic  function  of  E.  On  changing  variables 
E 

and  using  Fub ini's  theorem,  we  have 


U(E) 


.OO  .00 

J  b=-oo  t=b 


(t-b)  2  xE(t)dtdb  =  0, 


since  E  has  Lebesgue  measure  zero.  This  argument  also  shows  that 
K  G  L°°(G  ).  Further,  it  is  a  simple  matter  to  show  that  orb(K,Go>  is 

^  ~  ^  ^  oo 

separable  in  L°°(Go)  since  orb(F  :Gq)  is  separable  in  L  (IR)  .  Now  by 

a  theorem  of  Porta,  1973,  from  the  fact  that  IC  has  a  separable  orbit, ^ 
it  follows  that  K  may  be  redefined  on  a  set  of  Haar  measure  zero  in  G 

to  become  a  uniformly  continuous  function.  Transferring  attention  to  F 


9 
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we  see  that  F  may  be  redefined  on  a  set  of  Lebesgue  measure  zero  to 
be  uniformly  continuous  on  IR .  This  is  because  F  (c)  =^K(l,c-l)  and 
because,  in  the  obvious  notation,  we  have  shown  that  if  A  has  Haar 
measure  zero  then  A  must  have  Lebesgue  measure  zero.  It  might  be 
helpful  in  this  regard  to  remark  that  in  Gq,  the  map  ax  +  b  is 
close  to  the  map  a’x  +  b’  precisely  when  b  -  b1  is  close  to  0  and 
a/a’  is  close  to  1. 

•k 

Remark.  We  outline  another  way  to  see  that  F  is  uniformly  continuous, 
via  the  discussion  on  pp.  191-192  of  Katznelson,  1976.  For  we  observe 

*  4  0Q 

that  K(ip)  is,  as  an  element  of  L  (G  ) ,  an  almost  periodic  function 
on  Gq,  so  that  after  redefinition  on  a  set  of  measure  zero,  K(40 
becomes  a  uniformly  continuous  function. 


■k 

Now,  in  particular,  F  is  almost  periodic  in  the  usual  sense  as  a 
function  on  IR.  But  more  importantly,  F  is  H  almost  periodic,  where 
H  is  the  group  of  homotheties  x  h-  ax  (a  >  0)  of  IR.  We  will  see 

W  4  JL 

that  because  lim  F  (x)  exists,  F  must  be  constant.  For  let 

x~K) 


F#(x)  =  F*(e  x) 


so  that  f||  is  an  almost  periodic  function  on  IR  in 


the  usual  sense,  yet  lim  F  (x)  exists  as  x  -*•  +°°.  Now  we  may  conclude, 
via  the  theorem  on  page  165  of  Katznelson,  1976,  that  F^  is  constant, 
and  thus  F*  is  constant.  For  that  theorem  says  that  F^  is  the  uni¬ 
form  limit  of  a  sequence  of  trigonometric  polynomials  P  ^W(F^), 

where  W(F^)  is  the  translation  convex  hull  of  F  .  Supposing  for  con¬ 
venience  that  F^(x)  -*■  0  as  x  -+  +°°,  we  see  that  P(x)  -►  0  as  x  -*  +°° 
for  all  P  £  W(F^) .  Since  this  implies  that  P  (and  hence  eventually 
F//) 

must  vanish  identically,  the  proof  is  done. 


Robert  Kaufman  has  found  the  following  short  and  simple  proof  of  the 
main  theorem.  Suppose  f  £  H°°(IH)  is  Gq  almost  periodic.  Then  f* 

exists  as  a  non-tangential  limit  at  some  t  £  IR.  Let 


ip  (w)  =  —  +  t  ,  n  =  1,2,3,...  . 
rn  n  o  »  >  » 

Then  for  every  w  6  IH,  ip  (w)  t  within  a  sector.  Therefore 

n  o 

"k  ^ 

f(tp  (w))  -►  f  (t  )  for  every  w  €  IH .  Since  orb(f:G  )  is  pre-compact, 

n  o  ^  o 

we  will  have  (w) )  f  (t0)  uniformly,  for  some  sequence  n^  -> 

°  * 

Thus,  the  range  of  f  on  IH  is  the  singleton  {f  (t  )},  so  that  f 
is  a  constant,  and  the  result  is  proved. 

In  conclusion,  it  would  be  interesting  to  characterize  those  sub¬ 
groups  G  of  M  that  admit  G  almost  periodic  bounded  analytic 
functions. 
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ABSTRACT 

Contractile  cells  within  the  mammalian  testis  occur  in  two  sites,  the  tunica 
albuginea  of  the  testicular  capsule  and  the  peritubular  tissue  surrounding  the 
seminiferous  tubules.  In  many  species,  including  rat,  pig,  and  man,  contractile 
cells  in  the  tunica  albuginea  are  concentrated  at  the  posterior  pole  of  the  testis,  in 
relation  to  the  epididymis.  In  the  rabbit,  however,  the  tunica  albuginea  contains 
two  distinct  layers  of  smooth  muscle  and  the  isolated  testicular  capsule  exhibits 
rhythmic  movements.  In  most  mammals,  the  peritubular  tissue  of  the 
seminiferous  tubules  consists  of  four  layers,  two  cellular  and  two  noncellular,  and 
contractile  cells  are  confined  to  the  internal  cellular  layer.  Differentiation  of  the 
contractile  cells,  both  in  the  testicular  capsule  and  within  the  peritubular  tissue, 
occurs  in  the  immediate  postnatal  period  and  is  complete  prior  to  the  onset  of 
spermatogenic  activity. 

Movement  of  nonmotile  spermatozoa  out  the  testis  may  result  from  a  number 
of  factors,  including  ciliary  action  within  the  rete  testis  and  efferent  ductules,  ac¬ 
tive  secretion  of  fluid  by  the  seminiferous  epithelium,  and  activity  of  the  contrac¬ 
tile  cells  within  the  testis.  Evidence  is  presented  which  supports  the  hypothesis 
that  the  contractile  cells,  both  in  the  testicular  capsule  and  in  the  peritubular 
tissue,  aid  in  the  movement  of  spermatozoa  out  of  the  testis,  although  the  relative 
contributions  of  the  contractile  cells  in  these  two  sites  may  vary  with  the  species. 

1.  INTRODUCTION 

Spermatozoa,  produced  within  the  seminiferous  tubules  of  the  testis,  initially 
are  inactive  and  nonmotile.  From  the  seminiferous  tubules,  they  pass  via  straight 
tubules  into  the  rete  testis.  This  is  a  network  of  irregular  tubules  lying  within  the 
mediastinum  testis,  a  mass  of  fibrous  tissue  located  in  the  posterior  wall  of  the 
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testis  and  continuous  externally  with  the  testicular  capsule.  The  rete  testis  is  drain¬ 
ed  by  a  number  of  efferent  ductules,  the  epithelial  lining  of  which  is  ciliated. 
These  ductules  run  into  a  single  ductus  epididymidis.  The  passage  of  spermatozoa 
through  this  long  ductus  epididymidis  is  slow  and,  during  their  passage,  the  sper¬ 
matozoa  mature  and  commence  to  move  vigorously.  The  ductus  epididymidis  is 
continuous  with  the  ductus  deferens  that  passes  to  the  prostatic  urethra  and  even¬ 
tually  to  the  exterior.  The  movement  of  spermatozoa  out  of  the  testis,  therefore,  is 
not  due  to  mobility  of  the  gametes  themselves  and  may  result  from  a  number  of 
factors,  including  ciliary  action  within  the  rete  testis  and  the  efferent  ductules,  ac¬ 
tive  secretion  of  fluid  by  the  seminiferous  epithelium,  and  contractile  activity  of 
smooth  muscle  cells  within  the  testicular  capsule  and  within  the  lamina  propria 
(peritubular  tissue)  of  the  seminiferous  tubules. 

Evidence  that  ciliary  action  can  move  nonmotile  spermatozoa  from  the  testis 
generally  has  been  discounted.  Leeson  (1962),  in  examining  the  rete  testis,  deter¬ 
mined  that  too  few  cilia  were  present  to  effect  sperm  transport.  Winet  (1977)  later 
calculated  that  ciliary  action  within  the  efferent  ductules  was  insufficient  to  pro¬ 
pel  the  sperm  suspension.  Recently,  it  has  been  observed  that  transport  of  sper¬ 
matozoa  in  the  human  is  unaffected  in  cases  of  Kartagener’s  (ciliary  immobility) 
syndrome  (Afzelius,  1976).  Secretion  of  fluid  by  the  seminiferous  tubules, 
however,  does  contribute  to  the  transport  of  spermatozoa  out  of  the  testis,  as 
evidenced  by  the  fact  that  ligation  of  the  efferent  ductules  in  laboratory  rodents 
retards  sperm  flow  distal  to  the  point  of  ligation  (Toothill  and  Young,  1931)  and 
results  in  marked  increases  in  testicular  fluid  (Van  Wagenen,  1924).  Secretion  of 
fluid  therefore  supplies  the  medium,  and  possibly  a  pressure  gradient  as  well,  to 
promote  transportation  of  spermatozoa. 

Another  factor,  less  well-recognized,  that  is  thought  by  many  investigators  to 
contribute  effectively  to  the  movement  of  spermatozoa  out  of  the  testis,  is  the 
presence  of  contractile  cells  within  the  testicular  capsule  and  within  the 
peritubular  tissue  surrounding  seminiferous  tubules.  That  these  cells  do  increase 
the  flow  of  spermatozoa  out  of  the  testis  has  been  demonstrated  directly  by  ad¬ 
ministering  contractile  agents  and  noting  the  resultant  efflux  of  spermatozoa  from 
the  rete  testis  (Hafs  et  al.,  1974;  Voglmayr,  1975).  The  purpose  of  this  article  is  to 
review  the  information  that  concerns  the  location  of  the  contractile  cells,  their 
development,  and  possible  significance. 

2.  CONTRACTILE  CELLS  WITHIN  THE  TESTICULAR  CAPSULE 

In  the  past,  histological  descriptions  of  the  testicular  capsule  implied  only 
that  it  was  a  membrane  of  dense  fibrous  tissue  that  served  to  contain  the  under¬ 
lying  parenchyma  of  seminiferous  tubules.  In  all  mammals  examined  to  date,  it 
has  been  shown  to  consist  of  three  layers:  the  tunica  vaginalis  visceral,  an  outer 
thin  serous  layer;  the  tunica  albuginea,  which  forms  the  substance  of  the  entire 
capsule;  and  the  tunica  vasculosa,  an  innermost  thin  layer  of  loose,  vascular 
areolar  tissue.  The  outer  tunica  vaginalis  visceral  is  a  complete  layer  composed  of 
mesothelial  cells  that  are  attenuated.  It  can  be  so  thin  that  on  occasion  it  may  be 
beyond  the  resolution  of  the  light  microscope,  which  may  explain  why  it  has  been 
considered  to  be  an  incomplete  layer  by  some  authors.  It  has  been  examined  in 
detail  by  Leeson  and  Adamson  (1962)  who  showed  that  in  the  rat,  rabbit,  and 
human,  microvilli  extend  into  the  cavity  of  the  tunica  vaginalis  and  that  cell  inter- 


C.  Roland  Leeson  and  Thomas  S.  Leeson 


107 


faces  between  adjacent  cells  appear  relatively  free  of  interdigitations  and 
desmosomes.  The  mesothelium  lies  upon  a  thin  basement  membrane  that 
separates  it  from  the  underlying  tunica  albuginea.  The  innermost  layer  of  the 
testicular  capsule,  the  tunica  vasculosa,  consists  of  networks  of  blood  vessels 
embedded  within  a  delicate  areolar  connective  tissue.  It  is  associated  closely  with 
the  seminiferous  tubules  and  interstitial  tissue  of  the  testis  that  lie  immediately 
beneath  it  and  is  adjacent  to  the  testicular  capsule.  By  some  authors  it  is  classified 
as  part  of  the  testicular  parenchymal  tissue,  rather  than  as  a  component  of  the 
capsule  (Davis  et  al.,  1970). 

The  intermediate  and  most  prominent  layer  of  the  testicular  capsule  is  the 
tunica  albuginea.  Classically,  it  has  been  described  as  a  dense,  fibrous  membrane 
composed  of  bundles  of  collagenous  fibers  and  numerous  fibroblasts.  More  recent¬ 
ly,  it  has  been  shown  to  contain  contractile  cells  in  all  mammalian  species  that 
have  been  examined  for  their  presence.  Included  in  this  list  are  rat,  dog,  and  cat 
(Leeson  and  Cookson,  1974),  rabbit  (Holstein,  1967;  Holstein  and  Weiss,  1967; 
Leeson  and  Forman,  1981),  horse,  pig,  and  sheep  (Chacon- Arellano  and  Woolley, 
1980),  and  man  (Holstein,  1967;  Langford  and  Heller,  1973;  Leeson  and 
Cookson,  1974).  The  cells  have  been  said  by  numerous  authors  to  be  of  two  types: 
true  smooth  muscle  cells  and  contractile  fibroblasts  or  myofibroblasts.  The  only 
possible  functional  difference  between  these  cell  types  is  the  spontaneous,  phasic 
contractility  of  true  smooth  muscle  such  as  is  found  in  the  rabbit  testicular  cap¬ 
sule,  as  opposed  to  the  solely  tonic  contraction  of  “myofibroblasts”  in  the  rat 
testicular  capsule.  Although  we  acknowledge  that  minor  anatomical  distinctions 
may  exist,  we  shall  refer  to  all  cells  as  being  contractile  or  as  smooth  muscle. 

In  the  rat,  the  tunica  albuginea  generally  is  dense,  regular  connective  tissue 
with  relatively  few  connective  tissue  cells  (Leeson  and  Cookson,  1974).  Also  pre¬ 
sent  are  bundles  of  smooth  muscle  cells,  particularly  prominent  at  the  posterior 
pole  of  the  testis.  The  smooth  muscle  cells  occur  in  small  bundles  and  as  single  cells 
and  exhibit  occasional  cell  contacts  or  gap  junctions.  Bundles  of  small  nerve 
fibers,  mainly  unmyelinated,  also  are  present  and  occasionally  are  seen  closely 
related  to  a  smooth  muscle  cell.  Bundles  of  contractile  myofilaments  within  the 
cytoplasm  of  these  cells  insert  into  granular  electron  dense  material  (dense  bodies) 
either  within  the  bundles  or  attached  to  the  cell  membrane  (attachment  zones),  as 
in  smooth  muscle  cells  elsewhere  (Gorgas  and  Bock,  1974).  In  man,  the  arrange¬ 
ment  appears  similar  to  that  in  the  rat,  in  that  the  smooth  muscle  cells  generally 
are  concentrated  at  the  posterior  pole  of  the  testis  (Holstein,  1967;  Langford  and 
Heller,  1973;  Leeson  and  Cookson,  1974).  Smooth  muscle  cells  are  more 
numerous  in  the  capsules  of  dog  and  cat,  although  here,  too,  the  number  of 
smooth  muscle  cells  at  the  anterior  pole  of  the  testis  is  few.  Additionally,  isolated 
skeletal  muscle  fibers  are  present  in  the  capsules  of  rat  and  dog  but  it  has  been  sug¬ 
gested  by  Leeson  and  Cookson  (1974)  that  they  may  have  resulted  from  abnormal 
or  unusual  development  and  differentiation  of  embryonic  myoblasts. 

In  contrast  to  the  rat,  dog,  cat,  and  human,  the  rabbit  tunica  albuginea  con¬ 
tains  two  distinct  layers  of  smooth  muscle,  a  superficial  layer  of  longitudinally 
oriented  cells  that  runs  parallel  to  the  long  axis  of  the  testis  and  a  deeper  layer  of 
circularly  arranged  cells  that  is  oriented  along  the  circumference  of  the  testis 
(Davis  et  al.,  1970;  Leeson  and  Forman,  1981).  The  two  layers  of  muscle  are 
separated  by  a  band  of  collagenous  fibers  and  the  deeper  layers  of  the  tunica 
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albuginea  contain  heavy  concentrations  of  collagenous  fibers  and  numerous 
fibroblasts.  Ther  peripheral  cytoplasm  of  the  smooth  muscle  cells  is  occupied 
almost  exclusively  by  myofilaments,  with  dense  bodies  present  both  within  the 
cytoplasm  and  at  the  cell  membrane.  Occasional  micropinocytotic  vesicles  or 
caveolae  occur  in  relation  to  the  cell  membrane.  Other  organelles  are  sparse  and 
are  located  principally  in  a  paranuclear  position.  Each  cell  is  surrounded  by  a 
complete  basal  lamina,  except  at  the  sites  of  close  contact  between  neighboring 
cells. 

Other  species  in  which  smooth  muscle  has  been  found  in  the  testicular  cap¬ 
sule  include  the  horse,  pig,  and  ram  (Chacon-Arellano  and  Wooley,  1980).  In  the 
horse,  numerous  muscle  cells,  oriented  parallel  to  the  long  axis  of  the  testis,  occur 
on  the  posterior  surface  and  in  places  form  a  continuous  layer  just  beneath  the 
tunica  vaginalis.  Deeper  layers  of  the  tunica  albuginea  contain  only  a  few  isolated 
muscle  cells.  On  the  medial,  lateral,  and  anterior  surfaces,  the  muscle  cells  are  less 
consistently  longitudinal  in  orientation  and  less  closely  grouped.  The  smooth  mus¬ 
cle  of  the  tunia  albuginea  appears  to  be  continuous  with  the  internal  cremaster 
muscle,  which  is  well-developed  in  the  horse  and  runs  parallel  to  the  vessels  of  the 
spermatic  cord.  The  tunica  albuginea  of  the  pig  is  much  less  muscular  than  that  of 
the  horse.  The  smooth  muscle  cells  generally  are  branched  and  are  concentrated 
on  the  posterior  surface  of  the  testis  in  relation  to  the  epididymis.  In  the  ram,  the 
muscle  component  is  least  well-developed  and  the  cells,  either  branched  or 
myofibroblastic  in  nature,  are  located  in  the  deeper  layers  of  the  capsule. 

To  date,  the  only  reports  to  appear  concerning  the  development  of  muscle 
elements  within  the  testicular  capsule  are  those  of  Leeson  (1975)  and  Leeson  and 
Forman  (1981)  who  followed  the  postnatal  development  of  the  rat  and  rabbit 
testicular  capsules,  respectively.  In  the  rat,  fully  differentiated  smooth  muscle  cells 
within  the  capsule  can  be  identified  from  the  thirtieth  postnatal  day  but  from 
birth  to  24  days  smooth  muscle  cells  are  not  identifiable  by  light  microscopy.  On 
elctron  microscopy,  myocytes,  differentiating  cells  showing  the  presence  of 
cytoplasmic  myofilaments,  attachment  plaques,  and  micropinocytotic  vesicles, 
are  present  at  birth  and  undergo  rapid  differentiation  to  morphological  maturity 
at  30  days.  As  Leeson  has  pointed  out,  it  is  at  30  days  postnatal  that  the  testis  in 
the  rat  achieves  a  scrotal  position,  although  sexual  maturity  does  not  occur  until 
about  60  days  postnatal.  In  the  rabbit,  smooth  muscle  cells  within  the  tunica 
albuginea  are  not  identifiable  at  birth  by  light  microscopy  but  by  electron 
microscopy  myocytes  in  early  stages  of  differentiation  are  seen.  It  is  not  until  42  to 
49  days  postnatal  that  smooth  muscle  cells  can  be  identified  by  light  microscopy. 
Differentiation  of  smooth  muscle  cells  within  the  capsule  is  completed  by  128  days 
postnatal,  which  corresponds  approximately  to  the  onset  of  spermatogenesis.  At 
this  time,  the  muscle  is  arranged  in  two  organized  layers,  a  superficial  layer  of 
longitudinally  oriented  cells  and  a  deeper  layer  of  circularly  arranged  cells. 

From  a  functional  point  of  view, 'it  has  been  demonstrated  that  those  testes  in 
which  contractile  cells  can  be  observed  microscopically  also  contract  either 
rhythmically  or  after  pharmacological  stimulation  if  maintained  in  a  suitable 
medium.  The  isolated  rabbit  testicular  capsule  shows  rhythmic  movement,  with  a 
frequency  of  two  or  three  beats  a  minute,  and  there  is  some  evidence  to  suggest 
that  acidic  lipids  with  prostaglandin-like  characteristics  are  major  determinants 
of  the  contractility  (Hargrove  et  al.,  1973).  In  contrast  to  the  rhythmic 
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movements  of  rabbit  testis,  the  rat  testicular  capsule  in  vitro  and  in  vivo  does  not 
contract  rhythmically.  However,  tonic  contractions  do  occur  after  treatment  with 
acetylcholine,  norephinephrine,  or  other  agonists  (Davis  et  al.,  1970).  In  addition 
to  the  rat  and  rabbit,  dog,  cat,  and  human  testicular  capsules  also  contract 
(Hargrove  et  al.,  1977).  Cat  testes  in  vitro,  like  those  of  the  rabbit,  contract 
rhythmically,  but  at  a  lower  amplitude.  At  present,  it  is  not  known  whether  or  not 
the  smooth  muscle  cells  receive  any  innervation.  Most  autonomic  efferent  nerve 
fibers  that  pass  from  the  internal  spermatic  plexus  into  the  tunica  albuginea  are 
thought  to  accompany  and  supply  blood  vessels  (Risley  and  Skrepetos,  1964). 
However,  it  is  possible  that  these  sympathetic  fibers  also  may  innervate  the 
smooth  muscle  cells  of  the  capsule.  It  has  been  shown  that  the  rabbit  testicular 
capsule,  either  in  vivo  or  isolated  and  placed  in  saline,  exhibits  rhythmic 
movements  which  continue  in  vivo  in  the  presence  of  adrenergic  and  cholinergic 
blocking  agents  (Hargrove  and  Ellis,  1976).  Additionally,  surgical  or  phar¬ 
macological  sympathectomy  results  not  in  a  decrease  but  in  an  increase  in  the 
number  of  spermatozoa  found  in  the  epididymis  of  the  rabbit  (Hodson,  1965). 

Also  of  interest  from  a  functional  point  of  view  is  that  rabbit  testes  are 
capable  of  contracting  in  vitro  as  early  as  one  month  postpartum,  but  with  an 
amplitude  much  reduced  in  comparison  with  the  values  for  the  adult.  The 
autorhythmic  contractions  and  the  contractile  responses  to  prostaglandins  are 
qualitatively  like  those  of  testes  from  mature  animals  (Ellis  et  al.,  1972).  Yet,  the 
developmental  study  of  Leeson  and  Forman  (1981)  has  indicated  that  smooth 
muscle  cells  within  the  testicular  capsule  still  are  immature  at  one  month  postpar¬ 
tum  and  do  not  achieve  structural  maturity  until  18  weeks  postpartum.  However, 
the  myocytes  present  at  one  month  postpartum  do  contain  within  their  cytoplasm 
numerous  myofilaments,  often  associated  with  attachment  plaques  and  probably 
are  capable  of  contraction. 

Following  numerous  physiological  and  pharmacological  studies,  Davis  and 
Langford  (1970)  concluded  that  contraction  of  the  testicular  capsule  resulted  in  a 
pumping  action  capable  of  transporting  nonmotile  spermatozoa  from  the  testis  in 
the  ductus  epididymidis.  More  recently,  however,  Setchell  (1978)  has  suggested 
that  contractions  of  the  capsule,  rather  than  assisting  in  movement  of  spermatozoa 
out  the  the  testis,  may  be  involved  in  maintenance  within  the  testis  of  the  correct 
pressure  to  regulate  the  movement  of  fluid  between  the  capillaries  and  the  in- 
terstitium. 

3.  CONTRACTILE  CELLS  OF  THE  PERITUBULAR  TISSUE 

In  the  mammalian  testis,  the  seminiferous  tubules  are  surrounded  by  a 
peritubular  or  boundary  tissue  (lamina  propria)  that  separates  them  from  the  in¬ 
tertubular  tissue.  In  all  mammals  that  have  been  examined  to  date,  this  tissue  con¬ 
tains  cells  that  resemble  smooth  muscle.  Although  the  arrangement  of  the 
peritubular  tissue  varies  to  some  degree  with  the  species,  generally  it  can  be  sub¬ 
divided  into  four  layers: 

a)  Internal  Noncellular  Layer.  Essentially  this  is  the  space  between  the 
most  peripheral  cells  of  the  seminiferous  epithelium  and  the  internal 
cellular  layer.  Immediately  in  relation  to  the  epithelium  is  a  basal 
lamina  rich  in  glycoproteins  (Clermont,  1958;  Schmidt,  1964),  external 
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to  which  is  an  intercellular  space  containing  a  network  of  collagenous 
fibers. 

b)  Internal  Cellular  Layer.  This  layer  is  composed  of  flattened  cells  that 
exhibit  many  of  the  characteristics  of  smooth  muscle,  including  the 
presence  of  intracytoplasmic  filaments,  attachment  plaques,  and 
micropinocytotic  vesicles  or  caveqlae.  Commonly,  cells  composing  this 
layer  are  connected  to  each  other  by  desmosomes. 

c)  External  Noncellular  Layer.  This  is  very  similar  to  the  internal 
noncellular  layer  and  also  contains  glycoproteins  and  collagenous  fibers. 

d)  External  Cellular  Layer.  Cells  of  this  layer  are  attenuated  and  contain 
few  organelles.  They  lack  intracytoplasmic  filaments  and  by  most  in¬ 
vestigators  are  considered  to  be  fibroblasts. 

This  alternating  structure  of  noncellular  and  cellular  layers  is  found  in  most 
mammalian  species,  with  contractile  cells  confined  to  the  internal  cellular  layer 
unlike  avian  species  such  as  the  fowl  where  contractile  cells  occupy  the  external 
cellular  layer  and  fibroblasts  comprise  the  internal  cellular  layer  (Rothwell  and 
Tingari,  1973). 

In  mammals,  Burgos  et  al.  (1970)  have  distinguished  three  types  of  ar¬ 
rangements  in  the  peritubular  tissue,  based  on  the  distribution  and  topography  of 
the  cellular  and  noncellular  layers.  Type  A  is  characterized  by  a  single  layer  of 
myoid  cells  between  the  internal  and  external  noncellular  layers.  This  type  is 
found  in  the  rat  (Clermont,  1958;  Leeson  and  Leeson,  1963),  mouse  (Ross,  1967), 
and  hamster  (McCord,  1970).  In  type  B,  myoid  cells  are  present  in  two  to  four 
layers  and  are  intermingled  with  a  peripheral  network  of  collagenous  fibers  and 
fibroblasts.  The  guinea  pig  and  chinchilla  (Fawcett  et  al.,  1969)  possess  type  B 
peritubular  tissue.  Type  C  is  characterized  by  multiple  layers  of  myoid  cells  and 
by  the  presence  of  infoldings  of  the  internal  noncellular  layer  and  its  subdivision 
into  an  inner  homogeneous  component  and  outer  layer  containing  collagenous 
fibers.  This  type  is  found  in  man  (Ross  and  Long,  1966),  cat  (Burgos  et  al.,  1970), 
ram  (Bustos-Obregon  and  Courot,  1974),  and  camel  (Moniem  et  al.,  1980).  Apart 
from  the  three  major  types  of  peritubular  tissue,  minor  additional  features  of  the 
internal  cellular  layer  of  myoid  cells  have  been  outlined  by  some  authors.  In  the 
rabbit  (Leeson  and  Forman,  1981),  as  in  the  rat  (Clermont,  1958)  and  hamster 
(McCord,  1970),  two  basal  laminae  are  present  in  relation  to  the  myoid  cells,  one 
adjacent  to  the  internal  noncellular  layer  and  one  located  on  the  external  surface. 
In  the  mouse,  however,  a  basal  lamina  has  been  reported  only  in  relation  to  the 
external  surface  of  the  myoid  cells  (Ross,  1967). 

Contractility  of  the  myoid  cells  was  first  demonstrated  by  Roosen-Runge 
(1951),  who  utilized  cinematography  to  record  motility  of  the  seminiferous 
tubules  of  rats  and  dogs.  More  recently,  Buhrley  (1975)  reported  that  the 
peritubular  tissue  isolated  from  mice,  hamsters,  rabbits,  and  ground  squirrels  is 
capable  of  contractions.  In  thes  species,  then,  it  is  confirmed  that  microscopically 
defined  myoid  cells  do  confer  contractility  to  the  seminiferous  tubules.  Although 
no  in  vitro  studies  of  human  tubules  have  been  made,  Furuyo  et  al.  (1977)  have 
identified  two  types  of  cytofilaments,  thin  filaments  (50-80A)  that  are  actin  or 
actin-like  and  100A  filaments,  in  human  peritubular  cells  and  have  suggested  that 
the  cells  play  a  role  in  the  movement  of  nonmotile  spermatozoa  out  of  the 
seminiferous  tubules. 
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The  development  of  the  peritubular  tissue  has  been  followed  in  numerous 
mammals  and  myoid  cells  within  the  internal  cellular  layer  generally  appear  to 
differentiate  early  in  the  postnatal  period.  In  male  lambs,  such  cells  are  present 
within  one  week  after  birth  (Bustos-Obregon  and  Courot,  1974).  At  that  time,  the 
internal  noncellular  layer  consists  of  numerous  wavy  lamellae  external  to  which 
are  elongated  cells  that  contain  concentrations  of  cytoplasmic  filaments.  More 
peripherally  are  typical,  unmodified  fibroblasts.  By  two  months  after  birth,  the 
contractile  cells  are  well  differentiated,  displaying  numerous  cytoplasmic 
filaments,  some  dense  attachment  plaques  and  coated  vesicles.  By  80  days,  testis 
growth  increases  abruptly  and  thereafter  the  structural  pattern  of  the  peritubular 
tissue  depends  more  on  testis  size,  which  correlates  well  with  live- weight,  than 
upon  the  age  of  the  animals.  In  the  rat,  at  birth  the  seminiferous  epithelium  rests 
upon  a  basement  membrane  that  separates  it  from  a  layer  of  low  cuboidal  cells 
(Leeson  and  Leeson,  1963).  External  to  this,  there  is  a  narrow  intercellular  zone 
containing  scattered  fibrillar  material  and  a  region  consisting  of  numerous  pro¬ 
cesses  of  mesenchymal  cells.  By  ten  days  postnatal,  four  definite  layers  are 
established  due  to  the  differentiation  of  the  external  cellular  layer  of  flattened 
cells  from  the  mesenchyme  and  intracytoplasmic  filaments  have  appeared  within 
cells  of  the  internal  cellular  layer,  component  cells  of  which  now  are  very  at¬ 
tenuated.  By  22  days  postnatal,  the  peritubular  tissue  is  virtually  adult  in  ap¬ 
pearance.  These  results  generally  have  been  corroborated  by  Kormano  and  Hor- 
vatta  (1972),  who  noted  that  rat  tubular  motility  is  initiated  by  15  days  after 
birth,  at  a  time  when  filaments  make  their  appearance  within  myoid  cells  of  the 
internal  cellular  layer.  Additionally,  they  reported  that  myoid  cells  of  25-day-old 
rats  had  the  same  number  of  intracytoplasmic  filaments  as  those  of  the  adult. 
Similarly,  Ross  (1967)  noted  contractile  filaments  are  present  within  myoid  cells 
of  the  mouse  peritubular  tissue  by  13  days  after  birth.  By  17  days,  the  cytoplasmic 
filaments  are  more  numerous  and  by  19  days  the  cells  closely  resemble  the 
peritubular  myoid  cells  of  the  adult.  In  the  rabbit,  at  birth  and  at  five  days 
postnatal,  the  peritubular  tissue  consists  of  two  to  four  layers  of  spindle-shaped 
cells  oriented  circumferentially  around  each  tubule  (Leeson  and  Forman,  1981). 
The  cells  are  closely  packed  and  there  is  little  intervening  intercellular  material. 
In  some  of  the  cells  immediately  in  relationship  to  the  seminiferous  epithelium, 
there  are  occasional  microtubules  and  small  bundles  of  filaments  concentrated  in 
the  peripheral  cytoplasm.  At  14,  21  and  28  days  postnatal,  the  peritubular  tissue 
appears  more  condensed,  component  cells  are  more  attenuated,  and  they  form  on¬ 
ly  one  to  two  layers.  By  29  days  postnatal,  the  peritubular  tissue  contains  two 
cellular  layers,  and  cells  of  the  internal  layer  possess  numerous  cytoplasmic 
filaments.  The  filaments  within  these  cells  are  associated  with  localized  densities 
by  91  days  postnatal  and  by  112  days  postnatal  the  peritubular  tissue  is  in¬ 
distinguishable  from  that  of  the  adult.  This  corresponds  approximately  to  the  time 
when  myoid  cells  within  the  testicular  capsule  complete  their  differentiation  (128 
days  postnatal)  and  to  the  time  when  spermatogenesis  becomes  established. 

The  differentiation  of  myoid  cells  within  the  peritubular  tissue  in  the  early 
postnatal  period  raises  the  question  as  to  whether  or  not  such  development  may  be 
androgen-dependent.  This  hypothesis  has  been  tested  by  Bressler  and  Ross  (1974), 
who  removed  testes  from  newborn  mice  and  implanted  them  into  adult  hosts. 
Subsequent  development  appeared  to  proceed  normally  if  the  testes  were  placed 
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in  normal  males,  but  those  implanted  into  hypophysectomized  hosts  retained  an 
immature  appearance,  indicating  that  maturation  of  peritubular  myoid  cells  is 
dependent  upon  normal  pituitary  function. 

Implants  into  hypophysectomized  hosts  treated  with  testosterone  exhibited 
some,  but  not  all,  of  the  changes  observed  during  normal  myoid  cell  differentia¬ 
tion.  Leeson  and  Forman  (1981)  noted  that  in  the  rabbit  the  adult  population  of 
Leydig  cells,  which  produce  testosterone,  becomes  established  at  about  28  days 
postnatal,  confirming  the  earlier  work  of  Gondos  et  al.  (1970),  who  found  that 
partially  differentiated  Leydig  cells  appear  between  one  and  five  weeks  on.  In  the 
rabbit,  structural  differentiation  of  myoid  cells  in  the  peritubular  tissue  is  not 
achieved  until  well  after  this  time.  In  other  species  however,  differentiation  may 
proceed  without  an  absolute  requirement  for  androgens.  Hypophysectomy  or  the 
administration  of  the  anti-androgen,  cyproterone  acetate,  to  young  sheep  has  no 
effect  upon  the  architecture  of  the  myoid  cells  (Bustos-Obregon  and  Courot,  1974) 
and  porcine  peritubular  myoid  cells  differentiate  between  four  and  25  days 
postnatal,  which  is  prior  to  hypertrophy  and  activity  of  Leydig  cells  (Dierachs  and 
Wrobel,  1973). 

Leeson  and  Forman  (1981)  noted  close-contact  junctions  between  differen¬ 
tiating  myoid  cells  of  the  rabbit  peritubular  tissue  at  49  and  91  days  postnatal. 
Similar  tight  junctions  have  been  described  between  myoid  cells  of  guinea  pig  and 
rat  peritubular  tissue  (Fawcett  et  al.,  1970).  Such  junctions  may  subserve  impulse 
conduction  between  the  cells.  No  studies  of  peritubular  tissue  to  date  have  shown 
nerve  fibers  in  relation  to  the  myoid  elements  and  it  has  been  concluded  that  con¬ 
tractility  of  the  seminiferous  tubules  probably  is  regulated  by  factors  other  than 

nervous  stimulation  (Hargrove  et  al.,  1977). 

Recently  the  physiology  and  pharmacology  of  the  peritubular  tissue  have  been 

reviewed  and  it  appears  that  the  contractions  of  the  seminiferous  tubules,  like 
those  of  the  testicular  capsule,  are  modified  by  locally  produced  substances,  the 
prostaglandins  (Hargrove  et  al.,  1977).  Buhrley  (1974),  in  the  rat,  noted  that  some 
prostaglandins  stimulate  the  motility  of  the  tubules  at  all  concentrations  tested, 
whereas  one  prostaglandin  promoted  contraction  at  very  low  concentrations  but 
reduced  contractile  frequency  at  higher  concentrations.  Other  studies,  utilizing 
immunohistofluorescense  techniques,  have  indicated  that  the  peritubular  myoid 
cells  are  hormone-sensitive  but  have  not  defined  the  active  agent.  In  their  review, 
Hargrove  et  al.  (1977)  concluded  that  contractile  cells  within  the  peritubular 
tissue,  like  those  within  the  testicular  capsule,  have  a  role  in  emptying  the 
seminiferous  tubules  of  spermatozoa. 

Apart  from  its  contractile  function,  the  peritubular  tissue  also  may  be  of 
significance  as  a  component  of  the  permeability  barrier  surrounding  seminiferous 
tubules.  Physiological  studies  by  Setchell  (1967)  and  by  Waites  and  Setchell  (1969) 
have  indicated  that  the  barrier  is  capable  of  excluding  from  the  lumina  of  the 
tubules  many  substances  (including  inulin,  creatinine,  and  glutamic  acid)  normally 
present  in  testicular  blood  and  lymph.  The  barrier  has  ben  examined  mor¬ 
phologically  in  a  number  of  species,  including  rat  (Dym  and  Fawcett,  1970), 
guinea  pig  and  chinchilla  (Fawcett  et  al.,  1970),  and  monkey  (Dym  and  Cavic- 
chia,  1978).  The  barrier  is  bipartite  and  consists  externally  of  the  myoid  elements 
of  the  peritubular  tissue  and  internally  of  the  seminiferous  epithelium  of  the 
specialized  junctions  between  Sertoli  cells.  The  myoid  elements  possess  junctional 
complexes  that  prevent  passage  of  the  electron  tracer,  lanthanum  nitrate,  into  the 
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seminiferous  epithelium  (Russell,  1978).  The  external  component  of  the  barrier  is 
not  consistently  competent,  and  this  appears  to  result  from  the  incomplete  nature 
of  the  junctional  complexes  between  myoid  cells.  The  entire  barrier,  however,  does 
prevent  proteins  from  spermatogenic  cells  reaching  the  interstitial  vasculature  and 
inducing  the  formation  of  antibodies. 

4.  CONCLUDING  REMARKS 

This  review  of  contractile  cells  within  the  mammalian  testis  has  discussed 
what  presently  is  known  about  their  location,  development,  and  possible 
significance.  Although  there  appears  to  be  considerable  support  for  the  view  that 
the  contractile  cells  in  both  sites  contribute  to  the  movement  of  nonmotile  sper¬ 
matozoa  out  of  the  testis,  other  functions  have  been  suggested  for  these  cells.  With 
regard  to  the  capsule,  Setchell  (1978)  has  stated  that  it  appears  more  likely  that 
contractile  cells  here  are  involved  in  maintenance  of  the  correct  pressure  within 
the  testis  to  regulate  the  movement  of  fluid  between  the  capillaires  and  the  in- 
terstitium.  Further,  Chacon- Arellano  and  Woolley  (1980),  in  their  study  of  the 
horse  testicular  capsule,  found  the  smooth  muscle  of  the  tunica  albuginea  to  be 
continuous  with  the  internal  cremaster  muscle  of  the  spermatic  cord  and  therefore 
considered  that  the  contractile  cells  of  the  capsule  may  function  to  assist  in  blood 
or  lymphatic  drainage  from  the  cord,  rather  than  in  moving  spermatozoa  from  the 
testis  to  the  epididymis.  Concerning  the  peritubular  tissue,  it  has  been  suggested 
that  it  may  ensure  fluid  regulation  between  the  interstitium  and  the  lumina  of  the 
seminiferous  tubules  (Courot  et  al.,  1970)  as  a  component  of  the  permeability  bar¬ 
rier  (Setchell,  1968;  Fawcett  et  al.,  1970).  Clermont  (1958)  proposed  that  the  con¬ 
tractile  cells  of  the  peritubular  tissue  might  aid  in  the  release  of  spermatozoa  from 
the  seminiferous  epithelium  as  well  as  in  transporting  them  to  the  rete  testis.  As 
Ross  (1967)  has  pointed  out,  there  is  no  evidence  that  spermatozoa  require 
physical  movement  to  effect  their  release  from  Sertoli  cells  of  the  seminiferous 
epithelium.  In  addition,  Ross  (1967)  stated  that  the  contractile  cells  of  the 
peritubular  tissue,  which  possess  more  granular  endoplasmic  reticulum  than  do 
smooth  muscle  cells  elsewhere,  may  be  concerned  in  the  production  and 
maintenance  of  the  surrounding  connective  tissue  stroma.  It  is  apparent, 
however,  that  both  the  testicular  capsule  and  the  peritubular  tissue,  rather  than 
being  simple  supportive  tissues,  are  highly  dynamic  and  are  involved  in  several 
aspects  of  testicular  physiology  under  both  normal  and  pathological  condtions. 

The  observation  that  in  some  species  the  isolated  testicular  capsule  is  capable 
of  periodic  contractions  and  relaxations  indicates  that,  under  normal  cir¬ 
cumstances,  the  capsule  is  in  a  constant  state  of  dynamic  movement,  exerting 
pressure  upon  the  contained  mass  of  seminiferous  tubules  (Davis  et  al.,  1970). 
Similarly,  the  contractile  waves  of  the  seminiferous  tubules,  as  observed  by  Cler¬ 
mont  (1959),  Buhrley  (1975),  and  others,  no  doubt  affect  the  lumen  size  of  the 
tubules  and  exert  pressure  upon  their  contents.  Therefore,  it  appears  very  likely 
that  contractions  of  the  muscle  cells  in  the  testicular  capsule  and  within  the 
peritubular  tissue  serve  to  massage  the  seminiferous  tubules  and  so  to  transport  the 
spermatozoa  from  the  tubules  to  the  epididymis. 

The  possibility  exists  that  the  administration  of  drugs  known  to  cause  contra- 
tion  of  the  testicular  capsule  and  of  the  peritubular  tissue  may  stimulate  the 
transport  of  spermatozoa  out  of  the  testis  in  some  cases  of  male  infertility  (Davis  et 
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al.,  1970).  On  the  other  hand,  a  possible  approach  to  male  contraception  may  in¬ 
volve  administration  of  drugs  that  cause  prolonged  relaxation  of  the  testicular 
capsule,  and  possibly  of  the  peritubular  tissue  as  well,  thereby  delaying  or  preven¬ 
ting  the  contractile  activity  of  these  dynamic  tissues. 

As  Leeson  and  Forman  (1981)  have  pointed  out,  the  relative  contributions  of 
contractile  cells  in  the  testicular  capsule  and  within  the  peritubular  tissue  to  the 
movement  of  spermatozoa  out  of  the  testis  probably  are  not  equal  in  all  species.  In 
the  rat,  for  example,  it  has  been  demonstrated  that  contractile  cells  within  the 
capsule  are  localized  at  the  posterior  pole  and  exhibit  no  regular  contractility 
whereas  the  seminiferous  tubules  contract  rhythmically.  On  the  other  hand,  in  the 
rabbit,  where  there  are  two  distinct  layers  of  contractile  cells  within  the  capsule, 
pronounced  contractions  of  the  capsule  occur  both  in  vivo  and  in  vitro  and  con¬ 
tractions  of  the  seminiferous  tubules  are  much  weaker  than  those  found  in  the  rat 
(Hargrove  et  al.,  1977).  In  the  emptying  of  spermatozoa  out  of  the  testis,  the 
relative  importance  of  the  contractile  cells,  as  compared  with  the  secretion  of  fluid 
by  the  seminiferous  epithelium  or  with  the  doubtful  role  of  ciliary  action,  is  dif¬ 
ficult  to  quantitate.  Despite  this,  the  evidence  does  appear  to  support  the 
hypothesis  that  the  contractile  cells  within  the  testis  facilitate  transportation  of 
spermatozoa  out  of  the  testis. 
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Figure  1. 
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Figure  3. 


The  outer  layers  of  the  testicular  capsule  from  an  adult  rabbit.  Mesothelial  cells  of  the 
tunica  vaginalis  (arrow)  are  attenuated  and  smooth  muscle  cells  within  the  outer  layers  of 
the  tunica  albuginea  occur  in  two  groups,  the  outer  group  sectioned  transversely  and  the 
inner  group  obliquely.  Beneath  these  groups  are  the  inner  layers  of  the  tunica  albuginea, 
consisting  of  dense  connective  tissue  with  elongated  fibroblasts.  x480. 

The  tunica  vaginalis  (arrow)  and  the  outer  layers  of  the  tunica  albuginea  from  a  49-day- 
old  rabbit.  Immediately  in  relation  to  the  tunica  vaginalis  (above)  are  small  bundles  of 
smooth  muscle  cells,  here  sectioned  transversely.  The  deeper  layers  of  the  tunica  albuginea 
are  composed  of  dense  connective  tissue  containing  elongated  fibroblasts.  x480. 

An  electron  micrography  of  the  mesothelium  (M)  of  the  tunica  vaginalis  and  the  outer 
layers  of  the  tunica  albuginea  from  an  adult  rabbit.  Smooth  muscle  cells  of  the  tunica 
albuginea  contain  packed  myofilaments,  some  associated  with  dense  bodies,  within  their 
cytoplasm.  They  are  surrounded  by  a  basal  lamina  (BL)  and  numerous  collagenous  fibrils, 
here  sectioned  transversely,  occupy  the  intercellular  space,  xl  1,500. 


Plate  2 

Figure  4.  The  testicular  capsule  and  a  portion  of  an  underlying  seminiferous  tubule  from  a  40-day- 
old  rat.  The  tunica  vaginalis  is  composed  of  attenuated  mesothelial  cells,  beneath  which 
the  arrowed  nucleus  the  tunica  albuginea  exhibits  features  of  a  smooth  muscle  cell  nucleus. 
More  deeply,  the  tunica  albuginea  has  a  high  content  of  intercellular  fibers.  The 
seminiferous  tubule  is  surrounded  by  the  peritubular  tissue  which  shows  indistinct  layer¬ 
ing.  Probably  one  nucleus  (arrow)  is  that  of  a  component  cell  of  the  internal  cellular  layer 
and  the  other  (arrowhead)  of  the  external  cellular  layer.  xl20. 
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Figure  5. 


Figure  6. 


Figure  7. 


Figure  8. 


Figure  9. 


Figure  10. 


An  electron  micrograph  of  a  portion  of  a  smooth  muscle  cell  of  the  tunica  albuginea  from 
an  adult  rat.  The  cytoplasm  contains  groups  of  mitochondria  and  elements  of  granular  en¬ 
doplasmic  reticulum  separated  by  packed  myofilaments,  some  associated  with  dense 
bodies.  Micropinocytotic  vesicles  (arrows)  occur  in  relation  to  the  cell  membrane.  xl8,000. 
Low-power  electron  micrograph  of  the  peritubular  tissue  from  an  adult  rat.  It  consists  of 
four  layers:  an  internal  noncellular  layer,  external  to  the  basal  lamina  (BL  of  the 
seminiferous  epithelium  (right),  and  containing  collagenous  fibrils  (1),  the  internal  cellular 
layer,  attenuated  cells  of  which  possess  an  electron  dense  cytoplasm  and  sparse  organelles 
(2),  a  narrow  external  noncellular  layer  (3),  and  attenuated  cells  of  the  external  cellular 
layer  (4).  x7,500. 

An  electron  micrograph  of  the  peritubular  tissue  from  a  40-day-old  rat.  The  four  layers  of 
the  peritubular  tissue  (1-4),  external  the  seminiferous  epithelium  (E),  are  clearly  seen. 
Note  the  tight  junction  (arrow)  between  myoid  cells  of  the  internal  cellular  layer.  x42,000. 

Plate  3 

Seminiferous  tubules  from  an  adult  rabbit.  A  narrow  acellular  zone  (arrows)  separates  the 
peritubular  tissue  proper  from  the  seminiferous  epithelium,  which  exhibits  active  sper¬ 
matogenesis.  Layering  of  the  peritubular  tissue  is  indistinct  and  component  cells  show 
elongated  nuclei  (arrowheads)  and  attenuated  cytoplasmic  processes.  x480. 

Seminiferous  tubules  from  a  49-day-old  rabbit.  The  peritubular  tissue  (arrows)  is  condens¬ 
ed  and  component  cells,  whether  contractile  or  fibroblastic,  are  attenuated.  The 
peritubular  tissue  is  separted  from  the  seminiferous  epithelium  by  a  narrow,  pale-staining 
acellular  zone.  x480. 

An  electron  micrograph  of  the  peritubular  tissue  from  an  adult  rabbit.  As  in  the  rat,  it 
consists  of  four  layers:  an  acellular  zone  external  to  the  basal  lamina  (arrow)  of  the 
seminiferous  epithelium  and  containing  unit  fibrils  of  collagen  (1),  attenuated  cells  of  the 
internal  cellular  layer,  which  posses  an  electron  dense  cytoplasm  and  numerous 
micropinocytotic  vesicles  (2),  an  acellular  zone  collagenous  fibrils  (3),  and  elongated  cells 
of  the  external  cellular  layer  which  possess  no  myofilaments  (4).  x!6,000. 
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I.  INTRODUCTION 

A.  Origin  of  Energy 

Energy  has  its  ultimate  origin  in  the  sun.  Through  photosynthesis,  com¬ 
pounds  of  low  potential  energy  (C02  and  H20)  are  built  to  compounds  of  high 
potential  energy  (sugars).  The  688,500  calories  of  synthetic  energy  required  per 
mole  of  hexose  sugars  are  supplied  by  solar  radiation.  The  calories  bound  in  the 
sugars  represent  potential  free  energy  to  any  system  that  can  reverse  the  photosyn¬ 
thetic  process.  Animal  organisms  can  obtain  this  energy  by  burning  glucose  to  C02 
and  H20. 

The  concept  of  efficiency  arises  in  any  output  since  no  “machine”  can  deliver 
all  the  potential  within  it  as  free  energy.  Some  50%  or  less  of  the  total  energy  of 
the  system  may  be  obtainable  as  free  energy  and  the  rest  is  lost  as  heat.  In  the 
body,  the  free  energy  is  converted  into  a  common  currency,  ATP,  which  is 
utilizable  for  all  types  of  activities,  i.e.  mechanical,  secretory,  absorptive, 
osmotic,  neural  and  others. 

B.  The  Machine  as  an  Energy  Transformer 

It  is  possible  to  solve  problems  of  energy  exchange  by  application  of  the 
physical  laws  of  energy.  Typical  problems  are  involved  in  the  use  of  machines. 
Machines  may  allow  us  to  exert  large  forces  by  the  application  of  much  smaller 
forces,  as  for  example,  in  levers.  An  example  is  to  convert  small  motions  into  large 
ones,  as  in  a  bicycle.  The  same  energetic  laws  involved  apply  to  all  living 
organisms  as  well  as  to  non-living  machines.  The  mechanical  efficiency  of  these 
processes  grossly  stated  is  the  work  output  divided  by  the  energy  input. 

Work  is  an  aspect  of  energy  transformation.  The  study  of  energy  exchanges  in 
living  or  non-living  systems  is  considered  especially  in  thermodynamics.  It  was 
first  exemplified  in  the  study  of  a  heat  engine. 

1.  Efficiency  of  Different  Machines 

A  heat  engine  is  a  device  to  obtain  mechanical  work  from  the  heat  energy  of 
fuel.  N.L.  Sadi  Carnot  (1796-1832),  a  French  physicist,  laid  the  groundwork  for 
the  science  of  thermodynamics  in  his  work  on  the  improvement  of  steam  engines. 
Carnot  showed  that  the  efficiency  of  an  engine  has  a  theoretical  limit.  A  100%  ef¬ 
ficient  engine  would  convert  all  heat  to  work.  An  engine  with  the  maximum  possi- 
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ble  efficiency  is  called  a  Carnot  engine,  but  real  engines  do  not  realize  this 
possibility. 

In  a  simple  steam  engine,  if  the  heat  input  is  at  200  °C  (super-heated  steam  at 
a  pressure  of  11,650  torr)  and  if  expansion  of  the  steam  pushes  a  piston,  and  the 
working  substance,  water,  then  condenses  into  water  at  100 °C,  the  maximum 
possible  efficiency  is, 


473°K  -  373°K 

-  =  21% 

473  °K 

or  79%  of  the  input  heat  energy  is  not  available  for  work.  Frictional  and  other 
losses  reduce  the  overall  efficiency  of  a  piston-type  steam  engine  to  10-12% . 

A  very  efficient  engine,  which  is  a  supercharged,  spark-ignited  engine  of  the 
piston  type,  has  a  Carnot  efficiency  of 

2143°K  -  703°K 

-  =  67% 

2143°K 

However,  in  practice,  this  is  reduced  to  42%  (Miller,  1967,  p.  330). 

The  overall  efficiency  of  the  usual  small  steam  plant  is  at  most  5  %  ,  of  a  high- 
grade  locomotive,  10%,  of  large  plants  using  condensors  and  multiple  expansion 
engines  or  turbines,  20-25%,  of  automobile  engines  running  optimally,  20-25%, 
and  of  diesel  engines,  30-35%  (Glathart,  1950). 


Houssay  (1955)  tabulated 

some  efficiencies  (“net”)  as  follows: 

Steam  engine 

15% 

Gasoline  motor 

18% 

Horse 

24% 

Man  (climbing  stairs) 

25% 

Diesel  motor 

35% 

The  present  review  considers  the  efficiency  of  many  processes  in  the  living 

organism,  with  primary  emphasis  on  man.  For  a  comprehensive  review  of  the 
energy  cost  in  various  human  activities,  the  reader  is  referred  to  Passmore  and 
Durnin  (1955). 


II.  TERMINOLOGY 

Efficiency,  considered  most  simply  as  work/heat,  is  expressed  in  many  ways 
(Houssay,  1955,  pp.  508;814).  Some  common  expressions  follow. 

Gross  efficiency  =  100  W/H  where  W  is  work  done  and  H  is  total  energy. 
Net  efficiency  =  100  W/H-BMR  where  BMR  is  the  resting  metabolism.  The 
net  efficiency  is  conditioned  by  the  type  of  work  done  (walking,  running,  carrying 
a  load,  treadmill) . 

Net  mechanical  efficiency  is  expressed  by  the  same  equation  as  the  above.  It 
considers  the  organism  as  a  machine. 

III.  EFFICIENCY  OF  THE  HUMAN  BODY 

As  an  “engine”  fueled  by  chemical  energy,  the 

gross  efficiency  =  _ external  work _ 

total  internal  energy  conversion  rate 
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and  the  net  efficiency  =  _ external  work _ 

internal  energy  conversion  rate  increase 
necessary  to  perform  the  work 

Exercising  at  a  rate  of  20  kcal/hr.,  there  could  be  a  metabolic  rate  increase 
from  80  kcal/hr.  just  prior  to  exercise  to  180  kcal/hr.  during  exercise.  The  gross  ef¬ 
ficiency  =  20/180  =  11%  and  the  net  efficiency  =  20/(180-80)  =  20%. 

The  net  efficiency  with  the  body  operating  optimally  is  about  25  %  .  This  ex¬ 
ceeds  the  efficiency  of  a  steam  engine,  equals  that  of  an  internal  combustion 
engine,  and  is  much  less  than  that  of  a  well-running  electric  motor.  Usually,  the 
mechanical  efficiency  of  the  body  does  not  reach  25%  (Ruch  and  Patton,  1965, 
p.  89). 

Houssay  (1955)  stated  that  the  gross  efficiency  of  the  “whole”  organism  is 
17-20% ,  or  less  than  one-fifth  of  the  total  energy  that  can  be  usefully  recovered. 

Growth  is  an  aspect  of  whole  body  dynamics.  Brody  (1945)  proposed  a  con¬ 
cept  of  “efficiency  of  growth.”  This  is  a  relation  between  the  total  energy  input  of 
an  organism  and  the  energy’  retained  in  its  cells  and  tissues.  Thus, 

Gross  efficiency  =  — energy  stored x  100% 

total  energy  input 

and  net  efficiency  =  _ energy  stored _  x  100  % 

total  energy  input  minus  energy  needed 
for  maintenance 

No  values  are  cited. 

Mayer  (1948)  listed  the  “total  efficiency”  for  growth  of  rats  (at  weaning)  as 
35  %  .  This  is  in  the  same  range  as  the  values  for  chicken  and  cattle  and  it  suggests 
that  body  size  does  not  systematically  affect  the  efficiency  of  food  utilization. 

Baldwin  (1968)  listed  the  theoretical  efficiency  of  growth  in  young  lambs  as 
78%.  The  concept  of  efficiency  in  synthesis  and  growth  is  very  important  in 
animal  industry  and  is  a  continuing  study. 

IV.  EFFICIENCIES  OF  ORGANS 

A.  The  Heart 

Efficiencies  of  specific  organs  have  been  considered  for  animals  and  man, 
discussions  on  the  mammalian  heart  going  back  to  1914  (Evans  and  Matsouka, 
1915). 

There  are  many  ways  to  calculate  the  efficiency  of  cardiac  muscle,  but  as 
with  an  inanimate  machine  the  “overall”  efficiency  is  essentially  the  ratio  of  work 
accomplished  to  the  total  energy  utilized. 

Some  of  the  early  cardiac  efficiency  data  were  obtained  in  dogs  (Gregg,  1950, 
pp.  153;  158).  In  unanesthetized  dogs,  efficiency  approximates  31%;  in 
anesthetized  dogs,  efficiency  varies  from  7  to  54%.  The  highest  efficiencies  are 
associated  with  large  cardiac  outputs  together  with  high  arterial  pressure.  If  the 
demands  on  the  muscle  are  great,  oxygen  usage  disporportionately  increases,  the 
heart  muscle  dilates,  and  efficiency  is  reduced. 

Pool  and  Sonneblick  ^1967)  studied  the  chemical  energetics  of  cardiac  muscle 
in  the  cat  during  isometric  contraction  of  the  right  ventricle  papillary  muscle. 
They  use  the  term  mechanochemical  coupling  efficiency,  which  is  operationally 
equivalent  to  the  coupling  between  the  chemical  and  mechanical  processes  in- 
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volved.  The  value  found  is  33%  .  It  is  uncertain  whether  this  value  is  altered  if  the 
contractile  state  of  the  muscle  is  changed. 

Bing  et  al.  (1949)  determined  the  oxygen  consumption  in  normal  human  sub¬ 
jects  to  be  7.8  ml/min/lOOg  for  the  left  ventricle  (LV)  and  they  calculated  the 
mechanical  efficiency  (work  of  LV/energy  cost  in  LV)  to  be  21.2  to  24.5% . 

Guyton  (1981,  p.  157)  listed  the  efficiency  of  the  human  heart  as  20-25%. 
Brachfeld  (1978,  p.  16)  listed  the  human  “overall”  efficiency  as  20-30%  .  He  stated 
that  25  %  of  the  total  energy  is  used  to  sustain  ion  transport  plus  other  needs  of  in¬ 
ternal  cardiac  maintenance  and  that  if  these  allowances  are  subtracted,  the  “true 
mechanical  efficiency”  of  cardiac  contraction  may  exceed  50% . 

Some  workers  claim  that  the  mechanical  efficiency  of  the  heart  is  very  low. 
Ruch  and  Patton  (1965)  listed  the  efficiency  as  usually  less  than  10%  .  In  line  with 
this,  Katz  (1977,  p.  217)  put  the  “overall”  efficiency  at  5  to  20% ,  varying  with  the 
nature  and  amount  of  work  performed.  He  ascribed  the  lower  values  to  the  fact 
that  the  isovolumetric  phase  of  the  cardiac  contraction  absorbs  energy. 

Berne  and  Levy  (1977)  listed  a  value  for  “gross”  cardiac  efficiency  as  14% 
and  for  “net”  efficiency  as  18  %  .  They  noted  that  the  efficiency  improves  with  ex¬ 
ercise,  because  cardiac  work  and  output  then  increase  along  with  a  lesser  increase 
in  myocardial  oxygen  consumption.  These  authors  assumed  an  oxygen  utilization 
of  9  ml/min/lOOg  for  both  ventricles;  thus  a  300  g  heart  consumes  27  ml  ox¬ 
ygen/  min.,  equivalent  to  130  calories.  If  both  ventricles  perform  8  kg.m.  of 
work/ min.,  equivalent  to  18.7  calories,  then  the  gross  efficiency  is  18.7/130  x 
100  %  =  14  % .  The  net  efficiency  is  obtained  by  subtracting  the  oxygen  con¬ 
sumption  of  the  “nonbeating”  heart  (2  ml/min/lOOg)  from  the  total  oxygen  con¬ 
sumption.  The  heart  is  said  to  derive  about  60%  of  its  energy  from  oxidation  of 
fatty  acids  and  up  to  40%  from  carbohydrates. 

Brobeck  (1979)  listed  several  values  for  cardiac  efficiency.  For  contraction 
against  pressure  divided  by  total  myocardial  oxygen  consumption  minus  resting 
oxygen  consumption,  values  are  10-20%  in  experimental  animals.  By  using  a  ratio 
of  contractile  element  work  (CEW)  to  chemical  energy  of  activation  (AE)  and 
chemical  energy  of  work  (WE)  minus  resting  energy  (RE) : 

Efficiency  =  - CEW -  _  33%  ?  for  anerobic,  iodoacetate- 

[  (AE  +  WE)  minus  RE]  treated  papillary  muscle. 

For  values  in  pathology,  Bing  et.  al.  (1949)  found  the  mechanical  efficiency 
of  the  failing  heart  to  be  much  less  than  the  expected  normal  values  (left  ventricle) 
of  23%  .  In  congestive  failure  the  values  are  12.9  to  14.6%  .  Katz  (1977)  reported  a 
low  efficiency  in  the  dilated  heart.  Eckenhoff  et  al.  (1948)  calculated  unusually 
high  values  of  32  to  35%  in  dogs,  but  they  reported  decreases  in  experimental 
hypotension.  Importantly,  they  stressed  that  efficiency  is  not  a  valid  measure  to 
indicate  cardiac  capacity  for  work  under  changed  conditions  because  there  are 
metabolic  changes  not  associated  with  external  work  (maintenance  energy  and 
that  used  in  the  isometric  phase  of  ventricular  systole) . 

B.  Respiration 

1.  Normal  Values 

The  muscles  of  breathing  perform  useful  work  against  three  main  kinds  of 
forces:  (1)  elastic  forces  of  the  chest  and  lung  during  volume  changes, 
(2)  resistance  of  the  airways  to  the  flow  of  gases  and  the  nonelastic  deformation  of 
tissue,  and  (3)  inertial  forces  involving  the  mass  of  gases  and  tissues. 
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Work  is  force  x  distance  or,  in  respiration,  pressure  x  volume  of  air  moved.  If 
one  computes  the  work  done  and  the  oxygen  consumed  in  doing  the  work,  then: 

Efficiency  of  breathing  =  _ useful  work  accomplished _  x  \qq% 

total  energy  expended  (as  determined 
by  oxygen  consumption) 

In  computing  the  mechanical  efficiency,  the  work  done  and  the  energy  cost 
should  be  reduced  to  the  same  units,  kg-meters.  One  liter  of  oxygen  is  equivalent 
to  about  2100  kg-m.  If  oxygen  cost  is  100  ml  02  and  the  work  done  is  20kg-m,  the 
efficiency  is  10% . 

The  work  done  in  moving  the  lungs  only  is  calculated  from  the 
transpulmonary  pressure  applied  x  the  volume  of  air  moved  at  each  instant.  The 
greater  work  done  in  moving  both  the  lungs  and  the  thoracic  cage  can  also  be 
calculated  (Comroe,  1962). 

The  oxygen  consumed  by  a  healthy  subject  to  accomplish  the  work  of 
breathing  reflects  only  a  small  fraction  of  the  total  body  metabolism.  Brobeck 
(1979)  stated  that  the  oxygen  cost  of  quiet  breathing  is  less  than  5%  of  the  total 
resting  oxygen  consumption.  Nunn  (1969,  p.  160)  put  the  oxygen  cost  at  less  than 
2% .  Cotes  (1968,  p.  98)  cited  a  quiet  breathing  cost  of  1.5%  of  the  total  oxygen 
consumption.  If  one  voluntarily  hyperventilates,  he  can  increase  the  cost  to  30%  . 
In  obstructive  lung  disease,  the  oxygen  cost  of  breathing  can  limit  the  ability  to 
perform  exercise.  Nielsen  (1936)  stated  that  at  least  9%  of  the  total  energy  ex¬ 
penditure  is  used  in  respiratory  work. 

The  mechanical  efficiency  of  the  respiratory  muscles  is  low.  Values  depend 
partly  on  rate  of  breathing.  Otis  (1961)  estimated  the  efficiency,  at  a  breathing 
frequency  of  5/minute,  to  be  3%  and  at  30/minute  to  be  8%  .  Comroe  (1962)  listed 
values  of  5  to  10%  .  Milic-Emili  and  Petit  (1960)  listed  a  range  of  19  to  25%  which 
is  much  higher  than  those  usually  reported.  Other  representative  values  are  3% 
(Cain  and  Otis,  1949),  7.0  to  9.6%  (Campbell  et  al.,  1958),  and  5  to  10% 
(Brobeck,  1979). 

2.  Efficiency  in  Disease 

Cherniak  (1959)  compared  efficiencies  (mean  8.6%)  in  normal  human  sub¬ 
jects  with  those  having  emphysema  (mean  1.8%).  He  studied  the  work  done  in 
moving  the  lung,  chest  wall,  diaphragm  and  abdominal  structures. 

Comroe  (1962)  stated  that  the  respiratory  muscles  do  more  work  than  normal 
and  with  a  very  high  energy  (oxygen)  cost  in  certain  cardiopulmonary  disorders. 

Cotes  (1968,  p.  98)  found  that  the  energy  cost  is  high  in  pulmonary  fibrosis, 
and  particularly  in  the  obese  patient  who  has  considerable  resistance  to  thoracic 
movements. 

Overall,  the  data  are  imprecise  both  in  health  and  disease.  The  different 
methods  used  account  for  a  range  of  efficiencies  from  a  few  percent  up  to  25  % . 

3.  Efficiency  of  Respiration  in  Lower  Vertebrates 

Efficiencies,  not  exclusively  mechanical,  have  been  calculated  for  many 
biologic  processes  in  the  lower  vertebrates.  In  fishes,  ventilation  occurs  by  the 
combined  action  of  the  mouth,  which  takes  in  water  and  forces  it  into  the  gill 
chambers,  and  the  opening  of  the  gills  through  which  the  water  is  actively 
aspirated.  The  effectiveness  of  the  exchange  is  a  ratio  between  the  volume  of 
water  passed  over  the  gills  in  a  given  time  and  the  percent  of  oxygen  extracted. 
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This  ratio  is  the  exchange  efficiency  (E.E.).  The  E.E.  has  been  measured  for  many 
species  of  fishes  and  ranges  from  30  to  80%  (Scheer,  1963,  p.  204). 

C.  Digestion 

Literature  concerning  the  efficiency  of  digestive  processes  is  hardly  available. 
Scheer  (1963)  considered  this  subject,  but  listed  no  numerical  efficiency  values. 
He  noted  that  the  most  efficient  digestive  systems,  in  terms  of  the  rate  of  digestion 
in  relation  to  the  mass  of  tissue  involved,  appear  to  be  those  of  certain  insects. 
Scheer  proposed  the  use  of  the  following  terms: 

Digestive  efficiency  =  total  organic  intake  minus  organic  loss 

total  intake 

Growth  efficiency  =  total  organic  matter  assimilated 

total  intake 

Net  growth  efficiency  =  total  organic  matter  assimilated - 

total  intake  minus  maintenance  energy 

D.  The  Kidney 

Some  studies  are  available  on  the  efficiency  of  the  kidney  (Lotspeick,  1959,  p. 
7).  This  involves  an  analysis  of  the  ratio  of  the  renal  work  done  to  the  energy  cost. 
Some  of  the  work  is  reviewed  by  Eggleton  et  al.  (1940). 

The  external  work  accomplished  by  the  kidney  is  almost  entirely  represented 
by  the  osmotic  work  performed  in  forming  urine  from  plasma.  In  the  dog,  Eg¬ 
gleton  and  co-workers  found  the  total  osmotic  work  done  by  the  isolated  kidney  to 
be  the  equivalent  of  300  cal/liter  of  urine  formed.  The  value  was  calculated  from 
concentrations  of  urea,  chloride  and  creatinine  in  blood  and  urine  as  well  as  from 
the  total  electrolyte  concentration  in  the  urine. 

The  energy  expended  corresponding  to  oxygen  consumption  (dog)  was 
calculated  to  be  the  equivalent  of  5  kcal/liter  of  oxygen  used.  From  these  data,  the 
“absolute”  efficiency,  i.e.,  the  ratio  of  total  osmotic  work  done  to  the  energy  ex¬ 
pended,  was  computed.  This  is  only  a  few  percent. 

These  same  investigators  also  calculated  a  “differential”  efficiency,  which 
takes  into  account  increases  in  osmotic  work  as  in  diuresis,  with  efficiency  values 
ranging  from  0.8  to  4.6%.  The  values  increase  with  increasing  plasma  urea, 
reaching  a  maximum  of  4.6%  at  the  highest  urea  concentration  tested.  An  effi¬ 
ciency  of  1%  is  usual  wheq  urine  is  secreted  at  “resting”  activity. 

If  the  blood  flow  remains  constant,  renal  work  changes  can  be  accomplished 
without  changes  in  oxygen  consumption.  The  efficiency  rises  with  increased 
osmotic  work,  although  total  renal  efficiency  is  always  relatively  low. 

Lassen  et  al.  (1961)  stated  that  concept  of  renal  efficiency  in  a  ther¬ 
modynamic  sense  is  not  valid  where  the  calculations  for  minimal  renal  work  fail  to 
consider  the  oxygen  cost  of  sodium  reabsorption.  This  cost  is  important  because 
oxygen  consumption  in  the  kidney  is  dominated  by  the  energy  involved  in  active 
tubular  sodium  reabsorption.  Also/  the  oxygen  cost  of  the  active  outward  renal 
transport  of  all  electrolytes  should  not  be  disregarded.  Lassen  noted  that  if  one 
calculates  from  literature  data  the  ratio  between  active  electrolyte  transport  and 
net  oxygen  consumption,  a  value  of  16  to  25%  termed  the  “stoichiometric  efficien¬ 
cy”  is  obtained.  It  is  unknown  whether  this  efficiency  value  for  the  electrolyte 
transporting  mechanism  varies  from  one  epithelial  membrane  to  another. 

Pitts  (1974)  emphasized  the  cost  of  renal  electrolyte  transfer.  He  stated  that 
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in  man  about  6%  of  the  resting  metabolism  is  devoted  to  reabsorption  of  sodium, 
chloride  (and  water)  in  the  renal  tubules.  This  activity  constitutes  a  high  propor¬ 
tion  of  the  resting  metabolism,  but  it  is  understandable  in  that  the  transport  pro¬ 
cess  is  vital  to  survival. 

Pitts  listed  no  numerical  value  for  the  efficiency  of  the  transport  processes. 
This  is  not  surprising  since  it  has  been  emphasized  by  all  workers  that  it  is  very  dif¬ 
ficult  to  partition  the  energy  used  for  different  kinds  of  renal  activities.  Lotspeick 
(1959)  pointed  out  that  it  is  confusing  as  to  how  the  kidney  uses  99%  of  its 
available  energy.  It  may  need  great  amounts  of  oxygen  just  to  keep  itself  alive. 
E.  Voluntary  Muscles 

The  literature  is  abundant  in  calculations  and  discussions  of  the  mechanical 
efficiency  of  the  human  skeletal  musculature  under  various  conditions.  Overall, 
the  mechanical  efficiency  (M.E.)  in  percent  is  the  ratio  of  external  work  done  to 
the  energy  expended  (in  calories) . 

If  the  muscle  is  fixed  (isometric  contraction),  all  the  energy  expended  is  con¬ 
verted  to  heat  and  the  work  and  M.E.  are  zero.  In  moderate  isotonic  exercise, 
about  75%  of  the  chemical  potential  is  transformed  to  heat  and  the  M.E.  is  about 
25  % .  This  value  indicates  that  the  contraction  of  skeletal  muscle  is  among  the 
most  efficient  processes  in  organ  function  in  the  higher  organisms  and  man.  The 
efficiency  will  be  seen  to  vary  with  many  factors,  e.g.  speed,  load,  oxygen 
availability,  type  of  activity,  training,  and  others  (Stuart  et  al.,  1981). 

At  least  three  expressions  of  efficiencies  are  noted  in  the  literature  on  muscle 
exercise: 

1.  Gross  efficiency  =  — wor^  done —  x  100% 

energy  expended 

This  considers  all  the  energy  expended  while  performing  a  given  amount  of  work. 
It  includes  energy  that  may  be  unrelated  to  the  work  output. 

2.  Delta  efficiency  =  _ P.^tawvork  done —  x  100% 

Delta  energy  expended 

This  measures  the  efficiency  with  which  any  increment  of  work  is  performed,  not 
the  overall  efficiency  of  the  total  work  done  at  a  given  rate.  This  figure  expresses 
the  changes  at  any  point  in  the  activity. 

3.  Instantaneous  efficiency  is  a  delta  efficiency  over  an  extremely  small  increment 
of  work  that  can  be  calculated  at  a  given  work  rate. 

Stuart  (1981)  provided  typical  data  which  illustrates  the  usage  of  these  effi¬ 
ciencies  under  different  conditions.  Stainsby  et  al.  (1980)  contended  that  none  of 
the  above  three  exercise  efficiences  truly  indicates  muscle  efficiency. 

Asmussen  (1965)  discussed  efficiency  values  occurring  in  different  types  of  ac¬ 
tivities.  He  used  the  term  “net”  efficiency  (N.E.),  which  equals  external  work 
rate/corresponding  increase  in  metabolic  rate  above  the  resting  metabolic  rate. 
The  N.E.  decreases  in  very  heavy  (anerobic)  work,  which  involves  a  large  oxygen 
debt.  Here  the  calorie  output  must  be  measured  during  recovery  as  well  as  during 
work. 

The  N.E.  in  riding  a  bicycle  ergometer,  climbing  stairs  or  walking  on  an  in¬ 
clined  treadmill  varies  from  19  to  25%  .  The  maximum  efficiency  is  realized  when 
the  muscles  contract  at  moderate  speed.  In  very  slow  contraction  large  amounts  of 
maintenance  heat  are  released,  so  the  efficiency  decreases.  In  very  rapid  contrac¬ 
tion  large  amounts  of  energy  are  used  to  overcome  viscous  friction  in  the  muscles 
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(Guyton,  1976,  p.  140).  Swimming  is  only  0.5  to  2.0%  efficient.  In  fairly  simple 
activities,  e.g.  walking,  running,  or  bicycling,  there  is  only  a  very  slight  increase 
in  efficiency  with  training.  The  more  complex  the  exercise,  the  greater  is  the  effi¬ 
ciency  with  training  (Astrand  and  Rodahl,  1970,  p.  71). 

The  efficiency  of  a  muscle  in  vivo  is  not  the  same  as  that  of  an  experimentally 
isolated  muscle.  In  life  the  efficiency  is  decreased  by  posture,  conditions  of  move¬ 
ment,  and  stresses  on  the  circulation  and  respiration.  In  isolated  muscle  the  effi¬ 
ciency  of  the  entire  chain  of  reactions  between  the  oxidation  of  glycogen  and  the 
performance  of  mechanical  work  is  less  than  20%  (Wilkie,  1960). 

Much  experimentation  is  available  on  isolated  muscles  of  lower  vertebrates. 
As  an  example,  Woledge  (1968)  listed  the  efficiency  of  tortoise  muscle  over  the  en¬ 
tire  cycle  of  contraction  and  recovery  as  35  % .  This  is  contrasted  with  20  %  for 
frog  muscle  (Hill,  1939).  The  greater  efficiency  in  the  turtle  muscle  is  controver¬ 
sially  associated  with  slowness  of  movement  in  such  animals  and  it  is  also  ascribed 
to  lower  enzyme  activity.  It  was  emphasized  by  Kushmerick  and  Davies  (1960, 
pp.  315;353),  on  working  with  the  isolated  frog  sartorius  muscle,  that  the 
mechanochemical  efficiency  is  zero  at  maximal  and  zero  velocities  of  contraction. 

F.  Nerve 

Brobeck  (1979,  p.  50)  discussed  “efficiency”  of  ion  exchange  through  mem¬ 
branes  in  resting  frog  sciatic  nerve. 

The  following  computations  can  be  made.  There  is  electrical  work  of  0.015 
cal/g/hr  and  concentration  work  of  0.007  cal/g/hr  as  the  energy  necessary  to  pump 
Na+  out  of  the  fiber.  To  pump  K+  in,  the  energy  needed  is  0.019  cal/g/hr.  The 
work  necessary  to  pump  both  Na+  and  K+  is  0.041  cal/g/hr.  At  an  efficiency  of 
50%  (see  below)  this  operation  accounts  for  0.082  cal  or  50%  of  the  total  energy 
consumption  of  0.15  cal/g/hr  (the  resting  release  of  heat). 

Corresponding  to  the  resting  release  of  heat,  there  is  an  oxygen  consumption 
of  30  to  40  mm3/g  wet  weight/hr.  (This  is  in  contrast  with  mammalian  nerve 
which  consumes  200  to  300  mm3/g/hr.)  The  efficiency  of  the  process,  using  these 
figures,  is  50% . 

Caldwell  (1968)  studied  the  net  active  transport  of  Na+  and  K+  across  muscle 
and  nerve  membranes  and  concluded  that  this  is  achieved  with  an  overall  efficien¬ 
cy  of  58  % . 

G.  Metabolism  -  Cellular  oxidation 

Efficiencies  have  been  calculated  for  the  burning  of  foods  in  cells  (Scheer, 
1963;  Astrand  and  Rodahl,  1970,  pp.  16-17). 

1.  Carbohydrates 

a.  Anerobic  breakdown  of  glycogen  to  lactic  acid 

These  processes  release  about  55  kcal  for  each  six-carbon  unit  (glucose) 
glycolyzed.  It  takes  one  molecule  of  ATP  for  the  reaction.  In  breaking  down  one 
mole  of  glucose,  4  ATP  molecules  are  formed.  This  leaves  a  net  gain  of  3  molecules 
of  ATP.  It  conserves  3  x  7,  or  21  kcal.  (Generation  of  ATP  from  ADP  and 
phosphate  conserves  energy,  at  least  7  kcal/mole  of  ATP.) 

The  efficiency  of  the  energy  conservation  is:  21/55  x  100%  =  38% 

b.  Complete  aerobic  oxidation  of  glucose 

Oxidation  of  one  mole  of  glucose  to  carbon  dioxide  and  water  yields  686  kcal. 
Since  the  free  energy  is  686  kcal  and  since  38  molecules  of  ATP  are  produced,  each 
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requiring  at  least  7  kcal/mole,  the  efficiency  of  energy  conservation  is  (38  x  7/686) 
x  100%  =  39%.  Dietrich  (1979)  stated  that  if  the  cells  metabolized  pyruvate 
anerobically,  the  efficiency  would  be  less  than  10  % . 
c.  Oxidation  of  a  fatty  acid 

Palmitic  acid  may  be  selected  as  an  example.  Then,  palmitic  acid  (C10H32O2) 
+  130  phosphate  +  130  ADP  +  23  02  yields  16  COz  +  16  H20  +  130  ATP. 
The  free  energy  is  2340  kcal  of  which  130  moles  of  ATP  capture  a  minimum  of  7  x 
130  =  910  kcal. 

The  efficiency  is:  (910/2340)  x  100  =  39% 

The  efficiency  of  fatty  acid  burning  is  high.  It  might  exceed  the  value  stated 
because  in  vivo  a  reversible  ATP/ ADP  +  phosphate  reaction  may  involve  a 
change  in  energy  level  more  than  7  kcal/mole.  Thus,  cellular  respiration  is  much 
more  efficient  than  physical  work  whose  efficiency  at  most  is  20  to  25% . 


V.  MISCELLANEOUS  BIOENERGETIC  PROCESSES 

A.  Feed  Energy 

There  is  a  large  body  of  literature,  beyond  the  scope  of  this  necessarily 
limited  review,  dealing  with  the  efficiencies  of  synthesis  of  animal  products  from 
absorbed  nutrients,  in  domestic  animals.  Milk  production,  tissue  synthesis  and  the 
whole  spectrum  of  feed  energy  are  examples.  The  reader  is  referred  to  Krebs  and 
Kornberg  (1957),  Blaxter  (1967),  Baldwin  (1968)  and  Milligan  (1971). 

B.  Efficiency  of  the  Human  Voice 

Very  little  biologic  function  seems  to  have  escaped  bioenergetic  analysis.  The 
larynx  as  a  generator  of  sound  has  been  analyzed  thusly.  The  efficiency  of  the 
voice  is  considered  as  a  ratio  of  radiated  acoustic  power  to  subglottic  pressure.  The 
reader  is  referred  to  Van  den  Berg  (1956). 

C.  Bioluminescence 

Certain  organisms  produce  radiation  in  the  wave-lengths  of  visible  light 
(Scheer,  1963).  This  occurs  in  some  bacteria,  fungi  and  in  “representatives”  of 
most  animal  phyla.  The  brightness  is  often  relatively  high,  from  0.3  to  45  mL  (the 
brightness  of  the  blue  sky  being  about  one  lambert,  in  comparison). 

The  luminous  efficiency ,  or  ratio  of  visible  radiation  to  total  radiation,  is  20 
to  90%  .  However,  the  overall  efficiency,  or  ratio  of  energy  output  as  radiation,  to 
total  energy  output,  is  not  very  high.  The  luminous  efficiency  of  luminous 
bacteria  is  45% ,  but  the  overall  efficiency  is  only  0.8% .  In  Scheer’s  account,  he 
does  not  evaluate  efficiency  in  the  usual  sense  of  (radiation)  output  to  energy  input 
(chemical  potential). 

D.  Efficiency  of  Radiation  on  Biologic  Tissue 

Another  aspect,  not  in  our  province,  but  of  primary  importance  in 
radiotherapy,  is  the  efficiency  of  radiation  in  the  treatment  of  malignant  disease. 
The  reader  is  referred  to  Meredith  and  Massey  (1972).  Efficiency  here  is  con¬ 
sidered  uniquely  in  that  great  emphasis  is  placed  upon  the  source  of  the  radiation 
from  particular  “generators.” 

E.  Efficiency  of  Biosynthesis  in  Primitive  Life  Forms 

Autotrophic  bacteria  are  among  the  lowest  forms  of  life.  They  are  unusual  in 
that  they  derive  their  energy  from  the  oxidation  of  inorganic  substances,  e.g. 
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thiosulfates,  hydrogen  sulfide.  These  bacteria  synthesize  carbohydrates  from 
substances  which  are  of  lower  energy  content.  The  efficiency  of  the  autotrophs  in 
synthesizing  carbohydrates  has  been  calculated.  An  example  follows. 

The  Nitromonas  bacteria,  which  derive  their  energy  from  NH4  +  3/2  02  = 
N02  +  H20  +  2  H  +  assimilate  1  g  of  carbon  for  each  35  g  of  nitrogen  oxidized, 
the  carbon  appearing  as  carbohydrate.  The  burning  of  each  gram  -  ion  of  am¬ 
monium  delivers  66.5  calories.  Thus,  oxidation  of  35  of  nitrogen  produces  66.5/14 
x  35  =  166  calories. 

The  amount  of  energy  required  for  synthesis  of  carbohydrate  from  C02 
demands  an  increase  of  free  energy  x)f  118  calories  for  each  gram-molecule  of  C02 
used,  or  118/12  =  9.85  kg.  cal  per  gram  of  carbon. 

Efficiency  =  amount  of  energy  needed  for  synthesis 

amount  of  energy  made  available 

=  9.85/166  =  0.059  =  5.9%.  The  remaining  94%  of  the  energy  made 
available  by  the  oxidation  of  ammonia  appears  as  heat. 

A  comparison  of  efficiency  has  been  made  with  Chilomonas  paramecium 
which  grows  on  media  containing  acetate  and  ammonia.  The  efficiency  of  biosyn¬ 
thesis  is  17  % ,  much  greater  than  that  of  the  autotrophic  bacteria  (Davson,  1951, 
pp.  116-117). 


VI.  HUMAN  PSYCHOLOGIC  EFFICIENCY 

Many  writers  have  dealt  with  the  efficiency  of  human  performance  in  given 
tests  and  tasks  and  the  variation  of  efficiency  with  diverse  forms  of  stress,  e.g. 
sleep  deprivation,  ambient  temperature,  memory  load,  and  others.  Reviews  are 
available  [see  Poulton,  1970;  Colquhoun,  1972]. 

VII.  EPILOGUE 

In  the  more  abstract  and  difficult  to  quantify  realm,  people  who  are  suc¬ 
cessful  may  perhaps  be  at  most  10  %  more  efficient  than  their  more  mundane  com¬ 
petitors.  This  is  exemplified  and  measurable  by  one  yardstick  in  sports  where  as  an 
example  the  best  batting  records  are  not  much  higher  than  the  average.  Superior 
performers  in  academic  achievement  are  not  necessarily  endowed  with  vastly 
greater  intelligence  or  efficiency  than  their  colleagues.  Somewhat  related  to  this 
point  of  view  is  the  statement  by  Muller  (1980)  that  the  external  accomplishments 
of  an  individual  are  not  well  related  to  efficiency.  A  good  scientist  should  take 
risks  even  if  they  only  at  rare  times  bring  forth  a  superb  discovery. 

Perhaps  the  greatest  application  of  the  concept  of  efficiency  in  the  future  will 
be  in  how  to  reduce  the  inefficiency  with  which  we  use  the  unrenewable  energy  of 
the  environment  to  satisfy  our  needs  (Gofman,  1979). 
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ABSTRACT 

One  hundred  and  eighty- three  Vulpes  vulpes  collected  in  Union,  Williamson, 
and  Jackson  counties,  southern  Illinois  between  February  1959  and  February 
1964  were  examined  for  Echinococcus  multilocularis.  None  were  found  infected 
with  this  cestode. 


INTRODUCTION 

The  etiological  agent  of  alveolar  hydatid  disease  was  first  reported  on  the 
North  American  continent  by  Rausch  (1956)  who  found  cestodes  of  Echinococus 
multilocularis  Leuckart,  1863,  in  the  arctic  fox,  Alopex  lagopus  L.,  and  the  red 
fox,  Vulpes  vulpes  L.,  on  the  mainland  of  Alaska.  Because  of  the  wide  occurrence 
of  E.  multilocularis  in  Alaska  and  because  sylvatic  infection  may  be  expected  to 
occur  whenever  the  predator-prey  relationships  existing  between  foxes  and 
microtine  rodents  favor  completion  of  the  life  cycle,  Rausch  (1956)  predicted  the 
establishment  of  this  tapeworm  into  high-boreal  regions  of  southern  Canada  and 
the  contiguous  United  States. 

Six  years  later,  the  first  report  of  E.  multilocularis  on  the  Canadian  mainland 
was  established  by  Choquett  et  al.  (1962)  when  this  species  was  detected  in  A. 
lagopus  from  Eskimo  Point  on  the  western  shore  of  Hudson  Bay,  Northwest  Ter¬ 
ritories.  Subsequent  reports  of  E.  multilocularis  in  carnivores  and  rodents  from 
Canada  have  been  numerous.  Hnatiuk  (1966)  reported  the  multilocular  hydatid 
stage  of  E.  multilocularis  in  a  meadow  vole,  Microtus  pennsylvanicus  Ord.,  near 
Saskatoon,  Saskatchewan  and  in  (1969)  the  adult  stage  in  V.  vulpes  from  Saskat¬ 
chewan.  Leiby  et  al.  (1969)  found  deer  mice,  Peromyscus  maniculatus  (Wagner) 
near  Stony  Mountain  and  Argyle,  northwest  of  Winnipeg  to  be  infected  with  the 
larval  stage  of  E.  multilocularis.  This  cestode  was  reported  in  P.  maniculatus ,  10 
miles  north  of  this  area  at  Gunton  by  Lee  (1969).  Baron  (197]0)  found  this 
tapeworm  in  V.  vulpes  from  southern  Manitoba.  Recently,  Samuel  et  al.  (1978) 
reported  it  in  coyotes,  Canis  latrans  Say,  and  V.  vulpes  from  southeastern 
Manitoba. 

Adult  cestodes  isolated  from  V.  vulpes  in  North  Dakota  by  Leiby  and  Olsen 
(1964)  and  identified  morphologically  as  E.  multilocularis  established  the  first  oc- 
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currence  of  this  species  in  the  contiguous  United  States.  Eggs  from  E. 
multilocularis  recovered  from  red  foxes  in  North  Dakota  were  fed  to  cotton  rats 
(Sigmodon  hispidus)  by  Kagan  et  al.  (1965)  and  infection  in  this  host  was  obtain¬ 
ed.  This  constituted  biological  verification  of  the  occurrence  of  this  species  in  the 
contiguous  United  States.  The  same  year,  Leiby  (1965)  found  M.  pennsylvanicus 
and  P.  maniculatus  from  North  Dakota  infected  with  the  alveolar  larval  stage  of 
this  parasite,  demonstrating  that  the  sylvatic  cycle  of  this  cestode  was  established 
in  North  Dakota.  The  following  year,  Leiby  (1966)  reported  this  cestode  from  V. 
vulpes ,  M.  pennsylvanicus ,  P.  maniculatus  and  feral  house  mice,  Mus  musculus  L. 
in  North  Dakota.  The  finding  of  this  parasite  in  P.  maniculatus  and  V.  vulpes  in 
Minnesota  by  Carney  and  Leiby  (1968)  constituted  an  eastern  and  southern  exten¬ 
sion  of  the  known  geographic  range  of  this  cestode  in  the  contiguous  United 
States.  Leiby  et  al.  (1970)  found  adult  cestodes  in  V.  vulpes  from  Iowa,  Min¬ 
nesota,  North  Dakota,  and  South  Dakota  and  in  C.  latrans  in  Iowa,  Montana, 
North  Dakota  and  South  Dakota.  They  also  reported  the  larval  stage  of  this 
tapeworm  in  P.  maniculatus  from  Iowa,  Minnesota,  Montana,  North  Dakota,  and 
South  Dakota,  in  M.  pennsylvanicus  from  Iowa  and  North  Dakota,  and  in  M. 
musculus  from  North  Dakota.  Iowa,  Montana,  and  South  Dakota  represented  ex¬ 
tension  of  this  cestode’s  known  geographic  range  in  the  contiguous  United  States. 

Because  conditions  for  completion  of  the  life  cycle  of  E.  multilocularis  are 
equally  favorable  in  southern  Illinois,  the  date  presented  in  this  report  deals  with 
the  examination  of  183  V.  vulpes  collected  over  a  5-year  period. 


MATERIALS  AND  METHODS 

One  hundred  and  eight-three  (94  males  and  89  females)  red  foxes  were  either 
shot  or  trapped  in  Union,  Williamson  and  Jackson  counties,  southern  Illinois,  bet¬ 
ween  February  1959  and  February  1964. 

The  carcasses  were  immediately  frozen  and  transported  to  the  laboratory. 
Subsequent  to  thawing,  the  small  intestine  of  each  fox  was  opened,  flushed  with 
tap  water  and  the  mucosa  and  perfusate  examined  under  a  dissecting  microscope 
for  the  presence  of  Echinococcus  multilocularis.  Other  cestodes  were  fixed  in 
alcohol-formalin-acetic  acid  (AFA)  for  future  identification. 


RESULTS  AND  DISCUSSION 

Of  the  183  red  foxes  collected  over  a  5-year  period  from  the  three  counties  in 
southern  Illinois,  none  were  found  infected  with  E.  multilocularis.  Examination 
of  other  carnivores  from  this  area  (unpublished  data)  has  also  not  revealed  the 
presence  of  this  cestode. 

As  pointed  out  by  Leiby  et  al.  (1970),  the  widespread  sylvatic  occurrence  of 
this  cestode  in  the  north  central  states  is  significant  in  zoonotic  public  health. 
While  the  presence  of  E.  multilocularis  in  red  foxes  from  souther  Illinois  has  not 
been  established  by  the  present  study,  personnel  who  handle  carcasses  of  foxes  are 
warned  to  take  precautions  to  avoid  contamination  with  the  eggs  of  this  parasite. 
Further,  as  data  have  not  been  collected  subsequent  to  1964,  there  is  indeed  a  need 
to  update  the  data  base  to  determine  whether  Illinois  represents  a  southern  exten¬ 
sion  of  the  known  geographic  range  of  this  tapeworm. 


William  G.  Dyer  and  Willard  D.  Klimstra 


135 


LITERATURE  CITED 

Baron,  R.W.  1970.  The  occurrence  of  Echinococcus  multilocularis  Leuckart,  1863  and  of  other 
helminths  in  the  red  fox,  Vulpes  vulpes,  in  southern  Manitoba.  Can.  J.  Zool.  48:1132. 

Carney,  W.P.,  and  P.D.  Leiby.  1968.  Echinococcus  multilocularis  in  Feromyscus  maniculatus  and 
Vulpes  vulpes  from  Minnesota.  J.  Parasitol.  54:714. 

Choquett,  L.P.E.,  A.H.  Macpherson,  and  J.G.  Cousineau.  1962.  Notes  on  the  occurrence  of  Echino¬ 
coccus  multilocularis  Leuckart,  1863  in  the  arctic  fox  in  Canada.  Can  J.  Zool.  40:1167. 

Hnatiuk,  J.M.  1966.  First  occurrence  of  Echinococcus  multilocularis  Leuckart,  1863  in  Microtus  penn 
sylvanicus  in  Saskatchewan.  Can.  J.  Zool.  44:493. 

_  1969.  Occurrence  of  Echinococcus  multilocularis  Leuckart,  1863  in  Vulpes  fulva  in 

Saskatchewan.  Can.  J.  Zool.  47:264. 

Kagan,  I.G.,  L.  Norman,  and  P.D.  Leiby.  1965.  Biologic  identification  of  the  cestode  Echinococcus 
multilocularis  isolated  from  foxes  in  North  Dakota.  J.  Parasitol.  51:807-808. 

Lee,  C.F.  1969.  Larval  Echinococcus  multilocularis  Leuckart,  1863  in  the  southern  Interlake  area  in 
Manitoba.  Can.  J.  Zool.  47:733-734. 

Leiby,  P.D.  1965.  Cestode  in  North  Dakota:  Echinococcus  in  field  mice.  Science  150:763. 

_  1966.  The  prevalence  of  alveolar  echinoccosis,  Echinococcus  multilocularis  Leuckart,  1863 

in  North  Dakota.  Proc.  North  Dakota  Acad.  Sci.  33:133-134. 

_ ,  W.P.  Carney,  and  C.E.  Woods.  1970.  Studies  on  sylvatic  echinococcosis.  III.  Host  occur¬ 
rence  and  geographic  distribution  of  Echinococcus  multilocularis  in  the  North  Central  United  States. 
J.  Parasitol.  56:1141-1150. 

_ ,  G.  Lubinsky,  and  W.  Galaugher.  1969.  Studies  in  sylvatic  echinococcosis.  II.  The  occur¬ 
rence  of  Echinococcus  multilocularis  Leuckart,  1863  in  Manitoba.  Can.  J.  Zool.  47:135-138. 

_ and  O.W.  Olsen.  1964.  The  cestode  Echinococcus  multilocularis  in  foxes  in  North  Dakota. 

Science  145:1066. 

Rausch,  R.L.  1956.  Studies  on  the  helminth  fauna  of  Alaska.  XXX.  The  occurrence  of  Echinococcus 
multilocularis  Leuckart,  1863  on  the  mainland  of  Alaska.  Am.  J.  Trop.  Med.  Hyg.  5:1086-1092. 

Samuel,  W.M.,  S.  Ramalingam,  L.N.  Carbyn.  1978.  Helminths  in  coyotes  ( Cants  latrans  Say),  wolves 
( Canis  lupus  L.),  and  red  foxes  ( Vulpes  vulpes  L.)  of  southwestern  Manitoba.  Can.  J.  Zool. 
56:2614-2617. 


‘ 


1 


GASTROINTESTINAL  HELMINTHS  IN 
RED  FOXES  ( VULPES  VULPES  L.) 

OF  SOUTHERN  ILLINOIS 


William  G.  Dyer  and  Willard  D.  Klimstra 
Department  of  Zoology,  Southern  Illinois  University  at  Carbondale 

Carbondale,  Illinois  62901 


ABSTRACT 

Between  1959  and  1964,  183  Vulpes  vulpes  collected  in  southern  Illinois  were 
examined  for  gastrointestinal  helminths;  77  (82%)  males  and  48  (54%)  females 
were  infected.  Overall  prevalence  of  infections  was  68%  and  included  7  (4%)  An- 
cylostoma  caninum,  113  (62%)  Physaloptera  rara,  4  (2%)  Toxascaris  leonina,  1 
(1  %)  Toxocara  canis,  3  (2%)  Trichuris  vulpis,  4  (2%)  Mesocestoides  variabilis ,  38 
(21%)  Taenia  pisiformis,  and  3  (2%)  Alaria  marcianae. 

INTRODUCTION 

While  extensive  studies  have  been  conducted  on  gastrointestinal  parasites  in 
wild  canid  populations  in  North  America,  most  are  in  reference  to  wolves  and 
coyotes.  Helminths  of  wolves  ( Canis  lupus  L.)  have  been  reported  from  Alaska 
(Rausch  and  Williamson,  1959),  Ontario  (Freeman  et  al.,  1961),  Alberta 
(Holmes  and  Podesta,  1968),  Yukon  and  the  Northwest  Territories  (Choquette  et 
al.,  1973),  Manitoba  (Samuel  et  al.,  1978),  Utah  (Butler  and  Ameel,  1959;  Hirsch 
and  Gier,  1974),  Iowa  (Granson  et  al.,  1978)  and  Minnesota  (Byman  et  al.,  1977). 

Although  reports  on  gastrointestinal  parasites  of  foxes  are  numerous,  few  are 
concerned  with  total  helminth  faunas.  Buechner  (1964)  examined  112  grey  foxes 
( Urocyon  cinereoargenteus)  from  Texas,  while  Dyer  and  Klimstra  (1981)  studied 
543  from  southern  Illinois.  Samuel  et  al.  (1978)  reported  on  the  gastrointestinal 
helminths  of  6  red  foxes  from  southwestern  Manitoba,  Baron  (1970)  on  75  from 
southern  Manitoba,  Smith  (1978)  on  61  from  New  Brunswick  and  Nova  Scotia, 
Rausch  and  Richards  (1971)  on  96  and  30  from  northern  and  southern  North 
Dakota,  respectively,  Erickson  (1944)  on  152  from  Minnesota,  Smith  (1943)  on 
234  from  Iowa,  and  Rankin  (1946)  on  4  from  Massachusetts. 

The  only  study  of  gastrointestinal  parasites  of  red  foxes  from  Illinois  includes 
12  Vulpes  vulpes  examined  from  counties  in  the  northern  part  of  the  state  (Leigh, 
1940).  The  purpose  of  this  study  was  to  determine  the  helminth  fauna  of  the 
gastrointestinal  tracts  of  a  large  sample  of  V.  vulpes  from  counties  in  southern  Il¬ 
linois  and  to  compare  these  data  with  the  recorded  findings  on  similar  helminths  in 
red  foxes  from  other  areas. 

MATERIALS  AND  METHODS 

One  hundred  and  eighty-three  red  foxes  were  either  shot  or  trapped  in 
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Union,  Williamson  and  Jackson  counties,  southern  Illinois,  between  February, 
1959  and  February,  1964.  The  carcasses  were  immediately  frozen  and  transported 
to  the  laboratory.  After  thawing,  the  gastrointestinal  tract  was  divided  into  the 
stomach,  small  and  large  intestine,  flushed  with  tap  water  and  the  mucosa  ex¬ 
amined  for  attached  parasites.  The  stomach  and  intestinal  perfusates  were  ex¬ 
amined  under  a  dissecting  microscope  and  detected  helminths  isolated  and 
transferred  to  fixative.  The  remaining  contents  were  stored  in  a  10%  formalin 
solution. 

Trematodes  and  cestodes  were  fixed  in  alcohol-formalin-acetic  acid  (AFA), 
stained  with  either  Harris’  or  Delafield’s  hematoxylin  and  mounted  in  Canada 
balsam.  Rostellar  hooks  were  removed  from  the  cestodes,  mounted  in  aquamount, 
and  compared  with  hooks  from  known  species.  Nematodes  were  fixed  in  glycerin- 
alcohol,  cleared  in  glycerin,  and  examined  from  glycerin  wet  mounts. 

RESULTS 

Of  183  V.  vulpes  collected  over  a  discontinuous  35-month  period,  only  1  of  3 
(33%)  animals  from  1959,  13  of  17  (77%)  animals  from  1960,  83  of  108  (77%) 
animals  from  1961,  8  of  62  (13%)  animals  from  1962,  18  of  38  (47%)  animals 
from  1963,  and  2  of  4  (50%)  animals  from  1964  were  positive. 

The  prevalence  of  gastrointestinal  helminths  of  94  male  and  89  female  V. 
vulpes  is  summarized  in  Table  1.  Fifty-eight  of  183  (32%)  red  foxes  were  free  of 
helminths  in  both  stomach  and  intestines.  Five  species  of  nematodes,  one  of 
trematodes,  and  two  of  cestodes  were  found  in  125  (68%)  animals.  Seventy-seven 
(82%)  male  and  48  (54%)  female  V.  vulpes  were  infected  with  one  or  more 
helminths. 

Of  the  8  helminths  recovered  from  125  foxes,  73  harbored  only  a  single 
species;  2  species  were  found  in  44  animals,  3  in  3  and  4  in  4. 

Physaloptera  rara  (Hall  and  Wigdor,  1918),  was  the  most  prevalent  helminth 
encountered.  The  occurrence  of  this  species  varied  significantly  (P  <0.001)  be¬ 
tween  the  sexes,  being  encountered  in  71  (76%)  male  and  42  (47  %)  female  foxes 
(Table  1).  The  occurrence  of  other  helminths  did  not  vary  significantly  (P>0. 20) 
between  the  sexes. 


DISCUSSION 

Since  this  study  was  done  in  conjunction  with  a  food  habit  study  of  red  foxes 
and  because  of  time  restraints,  not  all  animals  were  examined  for  helminths. 
Because  helminths  were  not  systematically  recorded  by  month  over  consecutive 
years,  data  are  insufficient  to  form  convincing  conclusions  on  the  seasonal 
dynamics  of  V.  vulpes  parasites.  While  animals  were  examined  each  month  of 
1961,  the  sample  size  was  too  small  to  evaluate  montly  changes  in  prevalence  and 
mean  densities  of  the  helminths  found. 

Of  surveys  dealing  with  the  total  gastrointestinal  helminth  faunas  of  red  foxes 
from  Canada  and  the  continguous  Unites  States  as  listed  above,  only  the  report  of 
Rausch  and  Richards  (1971)  provides  information  on  the  diversification  of  muti- 
ple  infections.  These  investigators  reported  that  multiple  infections  of  red  foxes  in 
southern  North  Dakota  were  less  diversified  than  those  from  the  northern  part  of 
the  state.  Of  the  7  helminths  recovered  from  80  foxes  from  southern  North 
Dakota,  a  single  species  was  recorded  in  9  foxes;  2  species  were  found  in  11 
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animals,  3  in  5  and  4  in  4.  Diversification  of  multiple  infections  in  our  survey  is 
similar  to  that  reported  in  foxes  from  southern  North  Dakota.  It  is  of  interest  to 
note  that  in  either  survey  no  more  than  four  species  were  found  in  a  single  fox. 

As  indicated  in  Table  1,  Physaloptera  rara  was  the  most  prevalent  helminth 
encountered.  Its  greater  occurrence  in  male  foxes  cannot  be  accounted  for  as  it  is 
assumed  that  both  sexes  have  similar  eating  habits.  Other  reports  listed  above 
have  not  differentiated  the  incidence  of  this  species  between  the  sexes. 

The  frequency  of  P.  rara  in  red  foxes  from  southern  Illinois  is  much  higher 
than  that  reported  from  other  areas.  Erickson  (1944)  reported  20  of  152  (13%)  red 
foxes  from  Minnesota  and  Smith  (1943)  80  of  234  (34%)  from  Iowa  infected  with 
this  parasite.  The  high  prevalence  of  P.  rara  in  the  present  study  corroborates  the 
high  frequency  of  occurrence  of  grasshoppers,  crickets,  and  beetles  (39%)  in  the 
diet  of  red  foxes  from  southern  Illinois  as  reported  by  Knable  (1970) .  The  potential 
would  be  greater  if  one  included  the  frequency  of  occurrence  of  frogs,  snakes, 
birds  and  mice  which  may  serve  as  paratenic  hosts. 

The  low  prevalence  of  Ancylostoma  caninum  (Ercolani,  1854)  suggests  that 
hookworm  infections  in  southern  Illinois  do  not  pose  a  serious  threat  to  the  health 
of  these  canids.  Smith  (1943)  reported  1  of  234  (0.4%)  red  foxes  from  Iowa  and 
Leigh  (1940)  1  of  12  (8%)  from  northern  Illinois  infected  with  this  parasite. 

Although  Toxascaris  leonina  (von  Linstow,  1902),  Toxocara  canis  (Werner, 
1782)  and  Trichuris  vulpis  (Froelich,  1789)  have  a  wide  distribution  in  canids, 
few  were  encountered  in  this  study.  Samuel  et  al.  (1978)  reported  6  of  6  (100%) 
red  foxes  from  southwestern  Manitoba  infected  with  T.  leonina  while  Baron 
(1970)  did  not  find  this  species  in  75  foxes  examined  from  southern  Manitoba. 
Rausch  and  Richards  (1971)  reported  93  of  96  (97  %)  and  28  of  30  (93%)  red  foxes 
from  nothern  and  southern  North  Dakota,  respectively,  infected  with  this 
parasite;  Erickson  (1944)  found  103  of  152  (68%)  foxes  from  Minnesota  and  Smith 
(1943)  48  of  234  (68%)  from  Iowa  infected  with  T.  leonina. 

Toxocara  canis  has  been  reported  in  71  of  75  (95%)  red  foxes  from  southern 
Manitoba;  43  of  61  (71  %)  from  New  Brunswick  and  Nova  Scotia  (Smith,  1978),  5 
of  152  (3%)  from  Minnesota  (Errington,  1935),  21  of  234  (9%)  from  Iowa  (Smith, 
1943),  and  1  of  4  (25%)  from  Massachusetts  (Rankin,  1946).  None  were  found  in  6 
foxes  examined  from  southwestern  Manitoba  (Samuel  et  al .,  1978)  as  well  as  96 
and  30  examined  from  northern  and  southern  North  Dakota  (Rausch  and 
Richards,  1971).  According  to  Sprent  (1958),  T.  canis  is  more  frequent  in  juvenile 
canids  which  may  become  infected  by  ingesting  either  embryonated  eggs  or  in¬ 
fected  rodents  or  by  prenatal  trasplacental  migration  of  larvae.  The  single  host  in¬ 
fected  in  our  study  was  a  juvenile.  Trichuris  vulpis  was  not  reported  in  the  other 
studies  mentioned  above. 

Taenia  pisiformis  (Bloch,  1780)  had  the  second  highest  frequency  of  occur¬ 
rence.  While  the  prevalence  of  this  species  in  V.  vulpes  from  other  geographic 
areas  has  been  low  or  negative,  that  in  U.  cinereoargenteus  from  southern  Illinois 
and  other  areas  has  been  high  (Dyer  and  Klimstra,  1981).  Taenia  pisiformis  is  also 
a  prevalent  cestode  in  C.  latrans  from  certain  geographic  areas.  It  has  been 
reported  in  1758  of  1850  (95%)  coyotes  from  Kansas  (Hirsch  and  Gier,  1974),  41, 
of  75  (55%)  from  Utah  (Butler  and  Grundmann,  1954),  66  of  339  (20%)  from  On¬ 
tario  (Freeman  et  al.,  1961),  29  of  43  (67 %)  from  southwestern  Manitoba  (Samuel 
et  al.,  1978),  and  23  of  75  (31%)  from  Alberta  (Holmes  and  Podesta,  1968).  The 
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high  prevalence  of  T.  pisformis  in  the  present  study  corroborates  the  high  percent 
frequency  of  occurrence  of  rabbits  (32%)  in  the  diet  of  Illinois  red  foxes  as 
reported  by  Knable  (1970). 

Mesocestoides  variabilis  (Mueller,  1927),  the  only  other  tapeworm  en¬ 
countered,  has  not  been  reported  in  the  aforementioned  surveys.  However, 
Mesocesotides  kirbyi  (Chandler,  1944)  was  reported  in  11  of  95  (11  %)  and  6  of  30 
(20%)  red  foxes  from  nothern  and  southern  North  Dakota,  respectively  (Rausch 
and  Richards,  1971). 

Alaira  marcianae  (LaRue,  1971),  the  only  fluke  encountered,  has  been 
reported  from  several  canids  in  North  America.  It  was  reported  in  6  of  6  (100%) 
red  foxes  from  southwestern  Manitoba  (Samuel  et  al.9  1978),  15  of  61  (25%)  from 
new  Brunswick  and  Nova  Scotia  (Smith,  1978),  40  of  96  (42%)  and  5  of  30  (17 %) 
from  northern  and  southern  North  Dakota  (Rausch  and  Richards,  1971),  respec¬ 
tively  and  1  of  152  (1%)  from  Minnesota  (Erickson,  1944). 

Food  habit  studies  of  the  red  fox  (Cook  and  Hamilton,  1944;  Errington  1935, 
1937;  Murie,  1936;  Scott,  1943,  1947;  Scott  and  Klimstra,  1955)  reveal  that  this 
canid  is  highly  omnivorous  and  differences  in  food  items  from  different  areas 
reflect  their  seasonal  availability.  As  pointed  out  by  Scott  (1955)  red  foxes  tend  to 
take  foods  which  are  most  readily  available  and  “foods  may  occur  in  the  diet  in  an 
almost  endless  number  of  qualitative  and  quantitative  combinations,  which  differ 
with  such  environmental  properties  as  emergencies,  season,  year,  and  the  general 
ecological  character  of  the  specific  area.”  It  is  not  surprising  then  that  variation  in 
the  helminth  fauna  of  red  foxes  which  undergo  an  indirect  life  cycle  reflects 
regional  differences  in  the  availability  of  intermediate  hosts  during  the  period  of 
the  survey  in  question. 

TABLE  1.  Prevalence  of  helminths  in  relation  to  sex  of  183  Vulpes  vulpes  from 
southern  Illinois. 


Prevalence —  (number)  Percent 


Parasite 

Sexes 

combined 

(183) 

Male 

(94) 

Female 

(89) 

P* 

Nematodes 

Ancylostoma  caninum 

(7)  3.8 

(3)  3.2 

(4)  4.5 

>0.20 

Physaloptera  rara 

(113)61.8 

(71)75.5 

(42)47.2 

<0.001 

Toxascaris  leonina 

(4)  2.2 

(3)  3.2 

a)  i.i 

>0.20 

Toxocara  canis 

(1)  0.6 

a)  i.i 

Trichuris  vulpis 

(3)  1.6 

(3)  3.2 

Cestodes 

Mesocestoides  variabilis 

(4)  2.2 

(3)  3.2 

a)  i.i 

>0.20 

Taenia  pisiformis 

(38)20.8 

(22)23.4 

(16)18.0 

>0.20 

Trematodes 

Alaria  marcianae 

(3)  1.6 

(2)  2.1 

a)  i.i 

>0.20 

*  Probability  that  observed  difference  is  due  to  chance. 
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ABSTRACT 

Dirofilaria  immitis  was  observed  in  the  hearts  of  5  (3.4%)  of  145  red  foxes 
(Vulpes  vulpes)  taken  in  Union,  Williamson,  and  Jackson  counties,  southern  Il¬ 
linois  between  January,  1961  and  December,  1963.  Four  (5.6%)  of  71  males  and  1 
(1.4%)  of  74  females  were  infected.  Parasitic  burdens  ranged  from  2  to  12  worms 
per  infection  with  worms  being  much  smaller  than  those  found  in  domestic  dogs  in 
these  areas.  None  of  the  females  contained  either  developing  embryos  or 
microfilariae. 


INTRODUCTION 

A  search  of  the  literature  reveals  that  Dirofilaria  immitis  (Leidy  1856),  the 
canine  heartworm,  has  been  reported  in  red  foxes  ( Vulpes  vulpes)  from  several 
localities  in  the  contiguous  United  States.  Erickson  (1944)  found  no  evidence  of 
canine  heartworms  in  120  foxes  from  Minnesota.  He  did,  however,  list  the  first 
definite  record  of  D.  immitis  in  a  red  fox  from  New  York.  Likewise,  Walton  et  al. 
(1963)  found  the  blood  of  2  red  foxes  from  Fort  Stewart,  Georgia  negative  for 
microfilariae.  Schlotthauer  (1964)  detected  D.  immitis  in  the  right  ventricle  of  the 
heart  of  4  of  83  red  foxes  in  Minnesota.  Hirth  and  Nielsen  (1966)  observed  a  red 
fox  in  Connecticut  with  40  young  heartworms  in  the  right  ventricle  and  pulmonary 
artery,  and  many  more  in  smaller  vessels  of  the  lungs.  Stuht  and  Youatt  (1972) 
recorded  heartworms  in  the  right  ventricles,  or  pulmonary  arteries,  or  both  of  11 
of  39  red  foxes  in  Michigan.  Monson  et  al.  (1973)  reported  2  of  551  red  foxes  cap¬ 
tured  in  Wayne  and  Niagara  counties.  New  York,  infected  with  adult  female  D. 
immitis.  The  females  recovered  from  the  red  fox  of  Niagara  county  were  sexually 
mature  and  actively  producing  microfilariae,  while  those  recovered  from  the 
Wayne  county  specimen  contained  developing  ova  but  no  microfilariae.  Kazacos 
(1977)  recorded  2  of  7  red  foxes  from  Lake,  LaGrange,  and  Tippecanoe  counties 
in  Indiana  infected  with  adult  D.  immitis.  However,  none  of  the  female  worms 
contained  developing  embryos.  Later,  Kazacos  and  Edberg  (1979)  found  3  of  113 
red  foxes  from  Indiana  infected  with  canine  heartworm.  None  of  the  female 
worms  contained  developing  embryos  or  microfilariae. 

Although  D.  immitis  has  been  known  to  occur  in  dogs  in  Illinois  for  some 
time  (Marquardt  and  Fabian,  1966),  the  recent  detection  of  this  nematode  by 
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Hubert  et  al.  (1980)  in  8  (3.6%)  of  225  V.  vulpes  collected  in  Bond,  Clinton, 
DeKalb,  Edgar,  Ford,  Jasper,  Moultrie,  and  Richland  counties,  Illinois  con¬ 
stitutes  the  first  published  record  of  this  parasite  in  red  foxes  from  this  state. 

The  present  investigation  represents  the  results  of  a  survey  of  red  foxes  from 
counties  in  southern  Illinois  for  the  presence  of  the  adult  stage  of  this  filariid 
nematode. 


MATERIALS  AND  METHODS 

One  hundred  and  forty-five  red  foxes  were  either  trapped  or  shot  in  Union, 
Williamson  and  Jackson  counties,  southern  Illinois  between  Januray,  1961  and 
December,  1963.  Subsequent  to  removal  of  the  heart  and  lungs,  the  atria,  ven¬ 
tricles,  and  pulmonary  arteries  were  incised  and  examined  for  D.  immitis.  The 
lungs  were  likewise  incised,  washed,  and  the  filtered  sediment  examined  with  a 
dissection  microscope.  Specimens  of  D.  immitis  were  counted,  measured,  and  the 
female  worms  examined  for  developing  embryos  and  microfilariae.  The  blood, 
however,  was  not  examined. 


RESULTS 

Of  the  145  foxes  studied,  specimens  of  D.  immitis  were  recovered  from  the 
right  ventricle  of  5  (3.4%)  foxes.  This  included  four  (5.6%)  of  71  males  and  1 
(1.4%)  of  74  females.  Parasitic  burdens  ranged  from  2  to  12  worms  per  infection 
with  worms  being  much  smaller  than  those  recovered  from  domestic  dogs  in  these 
counties.  None  of  the  female  worms  contained  either  developing  embryos  or 
microfilariae. 


DISCUSSION 

Recently,  Hubert  et  al.  (1980)  reported  a  prevalence  of  8  (3.6%)  of  225  V. 
vulpes,  collected  in  Bond,  Clinton,  DeKalb,  Edgar,  Ford,  Jasper,  Moultrie,  and 
Richland  counties,  Illinois  between  December,  1978  and  January,  1979,  infected 
with  D.  immitis.  While  our  investigation  conducted  between  January,  1961  and 
December,  1963  is  several  years  earlier  and  restricted  to  three  counties  located 
within  the  southern  boundary  of  the  state,  a  prevalence  of  5  (3.4%)  of  145  red 
foxes  infected  with  canine  heartworm  concurs  with  that  reported  by  Hubert  et  al. 
(1980). 

The  low  prevalence  of  infection  suggests  that  V.  vulpes  is  probably  an  in¬ 
cidental  host  and  does  not  represent  a  serious  threat  as  a  source  of  D.  immitis  for 
dogs  in  Illinois.  However,  further  studies  are  warranted  to  up-date  these  data  and 
to  determine  whether  red  foxes  have  a  role  in  the  epizootiology  of  D.  immitis  in¬ 
fections  in  this  area.  To  our  knowledge,  the  viability  of  this  filariid  nematode  in 
red  foxes  has  not  been  tested.  In  concurrence  with  Walton  et  al.  (1963),  Franson 
et  al.  (1976),  Crowell  et  al.  (1977),  and  Hubert  et  al.  (1980),  experimental  cross¬ 
transmission  of  D.  immitis  between  wild  carnivores  and  dogs  is  warranted  to 
ascertain  the  possibility  of  the  former  in  serving  as  suitable  reservoir  hosts. 
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ABSTRACT 

Six  stations  on  Whitley  Creek  were  sampled  with  a  boat  shocker  and  seines  in 
years  of  moderate  and  high  reservoir  water  level  fluctuation.  Stations  were  chosen 
to  provide  for  the  sampling  of  impounded  and  lotic  habitats.  Physical  alteration  of 
stream  habitat  caused  by  silting,  and  population  pressure  exerted  by  the  influx 
of  reservoir  species  into  impounded  areas  were  temporary.  Stream  species  quickly 
recolonized  impounded  areas  when  these  areas  reverted  to  stream  conditions  and 
reservoir  species  did  not  persist  in  stream  habitat.  Large  areas  of  Whitley  Creek 
impounded  by  high  water  in  the  spring  and  summer  of  1974  served  as  nursery 
areas  for  many  reservoir  species.  The  young-of-the-year  produced  in  this  habitat 
apparently  returned  to  the  reservoir  in  autumn  and  may  have  contributed  to  the 
recruitment  of  reservoir  populations. 

INTRODUCTION 

This  study  was  conducted  to  determine  the  use  of  impounded  stream  habitat 
by  reservoir  species  and  the  response  of  stream  species  to  this  habitat  alteration. 
Fluctuating  water  level  in  flood  control  reservoirs  results  in  alternating  expansion 
and  shrinkage  of  stream  and  reservoir  habitat.  Since  water  level  generally  rises  in 
the  spring  before  and  during  the  interval  when  most  reservoir  fish  species  are 
spawning,  the  newly  created  reservoir  habitat  may  serve  as  both  spawning  and 
nursery  grounds  for  these  species.  The  impoundment  of  stream  habitat  may  also 
result  in  the  displacement  of  species  adapted  to  a  lotic  environment.  When  the 
reservoir  is  drawn  down,  impounded  sections  of  tributary  streams  revert  to  flow¬ 
ing  water  habitat.  The  persistence  of  reservoir  species  and  the  speed  and  success  of 
recolonization  by  stream  species  in  these  areas  are  not  known. 
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STUDY  AREA 

Whitley  Creek  is  a  low  gradient,  third  order  tributary  of  the  Kaskaskia  River 
located  in  central  Illinois  (Fig.  1).  In  1970,  Lake  Shelbyville  was  formed  by  the 
construction  of  a  dam  on  the  Kaskaskia  River  approximately  32  km  downstream 
from  its  confluence  with  Whitley  Creek.  As  a  result  of  reservoir  fluctuations,  a 
variable  fraction  of  Whitley  Creek  has  been  impounded  since  1971  (Fig.  2).  At 
reservoir  winter  drawdown  (180  MMSL)  only  a  small  area  of  Whitley  Creek  is  im¬ 
pounded  and  the  stream  is  entirely  within  its  banks.  At  normal  summer  pool  (183 
MMSL)  approximately  40  ha  of  stream  channel  and  floodplain  are  impounded 
(Fig.  1)  and  at  187  MMSL  an  additional  150  ha  are  impounded. 

Six  stations  on  Whitley  Creek  were  selected  to  encompass  the  entire  range  of 
water  level  fluctuation  and  still  provide  for  the  sampling  of  nonimpounded  water. 
The  elevation  of  each  station  relative  to  reservoir  level  is  shown  in  Fig.  2.  Station 
I,  located  at  the  mouth  of  Whitley  Creek,  has  been  impounded  since  February 
1971  and  is  essentially  part  of  Lake  Shelbyville.  Station  II,  located  1,375  m 
upstream  from  the  mouth  of  Whitley  Creek,  has  generally  been  impounded  except 
during  winter  drawdown.  At  higher  reservoir  levels,  large  areas  of  floodplain  are 
inundated  at  this  station.  Pools  have  filled  in  and  riffle  habitat  has  been 
obliterated.  Station  III,  located  3,250  m  upstream,  is  not  impounded  at  normal 
summer  pool.  In  the  spring  and  summer  of  1974,  however,  reservoir  level  was  ab¬ 
normally  high  and  this  station  and  its  associated  floodplain  were  inundated  for 
nearly  7  months.  Substantial  silt  covered  the  stream  bottom  during  this  time  but 
was  washed  away  by  normal  stream  discharge  the  following  spring.  Station  IV, 
located  6,420  m  upstream  from  the  mouth  was  subjected  to  reservoir  impact 
similar  to  that  of  Station  III  but  was  impounded  for  only  4  months.  Stations  V  and 
VI  were  located  8,348  and  10,347  m  upstream,  respectively,  from  the  mouth.  Sta¬ 
tion  V  was  impounded  for  a  few  days  in  June  1974,  but  the  stream  remained 
within  its  banks.  Station  VI  was  not  impounded  during  the  course  of  this  study. 

METHODS 

The  fish  populations  of  Whitley  Creek  were  sampled  in  1971  and  1972  when 
the  reservoir  was  new,  in  1974  when  an  unusually  large  area  of  Whitley  Creek  was 
impounded,  and  again  in  1975  when  the  reservoir  returned  to  a  more  normal  pat¬ 
tern  of  water  level  fluctuation.  In  1971  and  1972,  eight  collections  were  made  at 
the  six  stations.  The  sampling  dates  were  chosen  to  correspond  with  major  changes 
in  reservoir  elevation.  Thus  collections  were  made  when  winter  drawdown  level 
was  reached,  at  the  end  of  winter  drawdown,  when  summer  pool  was  first  reach¬ 
ed,  and  just  before  the  initiation  of  winter  drawdown.  The  remaining  collections 
were  spaced  at  equal  intervals  between  these  collections.  In  1974,  six  complete 
collections  were  made  with  four  of  them  occurring  in  the  spring  and  early  summer 
when  reservoir  fluctuation  was  greatest  and  fish  were  reproductively  most  active. 
In  addition,  Stations  III  and  IV  were  sampled  at  approximately  weekly  intervals 
when  the  surface  area  impounded  was  increasing  or  decreasing  at  these  stations. 
In  1975,  six  collections  were  made  at  equal  intervals  between  April  and  October. 

Impounded  stations  were  sampled  for  30  minutes  with  a  230-volt,  AC  boat 
shocker.  When  possible,  seine  hauls  also  were  made  at  these  stations  with  a  1.2  x 
6.1  m  bag  seine  (4.8  mm  mesh).  Stream  stations  were  sample  with  the  same  seine, 
the  number  of  hauls  varying  inversely  with  sampling  efficiency. 
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It  was  necessary  to  use  two  kinds  of  sampling  gear  because  there  were  two 
major  habitat  types.  Seines  were  more  effective  for  small  species  and  electro¬ 
fishing  was  more  effective  for  larger  species.  When  stream  stations  became  im¬ 
pounded,  electrofishing  replaced  seining.  It  frequently  was  not  possible  to  supple¬ 
ment  electrofishing  with  seining  samples  because  water  shallow  enough  to  seine 
contained  many  obstructions.  In  1974,  when  surface  area  increase  twenty-fold  at 
Stations  III  and  IV,  electrofishing  replaced  seining  at  these  stations.  Thus  stream 
species  were  captured  less  efficiently  and  the  density  of  these  species  was  greatly 
reduced  by  the  increase  in  water  area. 

RESULTS 

During  the  years  of  this  study,  17,754  fish  representing  58  species  were  col¬ 
lected.  Only  21  of  these  species  were  represented  by  more  than  100  individuals 
(Table  I). 

Species  that  were  most  abundant  in  lotic  habitat  included  most  of  the  native 
cyprinids  and  darters.  Pimephales  notatus,  Notropis  lutrensis ,  N.  umbratilis,  and 
N.  dorsalis  were  the  most  abundant  species  captured  at  stream  stations.  Despite 
the  fact  that  a  greater  fraction  of  the  stream  was  impounded  in  1974  than  in  1971 
and  1972,  none  of  the  species  common  at  stream  stations  were  eliminated  and 
relative  abundance  remained  approximately  the  same. 

Few  stream  species  were  collected  at  Stations  III  and  IV  when  the  stations 
became  impounded  in  1974.  It  was  not  possible  to  determine  if  these  species  mov¬ 
ed  upstream  in  advance  of  rising  water  or  if  any  became  less  vulnerable  to  cap¬ 
ture.  However,  when  water  level  dropped  in  autumn  and  these  stations  reverted 
to  stream  habitat,  only  small  numbers  of  a  few  stream  species  were  present.  By  the 
following  spring,  species  composition  and  densities  were  similar  to  Stations  V  and 
VI. 

Esox  americanus ,  Ictalurus  melas,  and  Lepomis  megalotis  were  the  only 
species  common  at  both  reservoir  and  stream  stations.  The  grass  pickerel  was  one 
of  the  most  abundant  fish  in  the  1971  and  1972  collections,  but  was  represented  by 
only  12  specimens  in  1974  and  1975.  The  impounding  of  the  Kaskaskia  River  in 
1970  resulted  in  the  inundation  of  large  areas  of  terrestrial  vegetation  suitable  for 
grass  pickerel  spawning.  A  large  year  class  was  formed  and  invaded  tributary 
streams.  This  temporary  condition  did  not  persist  and  grass  pickerel  density  had 
declined  by  1974. 

Large  numbers  of  Dorosoma  cepedianum ,  Cyrpinus  carpio ,  Ictiobus 
cyprinellus,  Labisdesthes  sicculus ,  and  Micropterus  salmoides  were  collected  in 
impounded  habitat  but  relatively  few  were  taken  in  stream  habitat  (Table  I).  Giz¬ 
zard  shad  entered  Whitley  Creek  in  early  spring  and  apparently  returned  to 
deeper  parts  of  the  reservoir  in  autumn.  They  did  not  overwinter  in  large  numbers 
even  in  impounded  parts  of  Whitley  Creek.  Shad  were  considerably  more  abun¬ 
dant  in  Whitley  Creek  in  1974  than  in  1971  and  1972  which  probably  reflected  the 
increase  in  abundance  of  this  species  in  the  reservoir,  the  production  of  a  strong 
year  class  in  1974  and  the  greater  area  of  impounded  stream  habitat.  Shad  abun¬ 
dance  was  intermediate  in  1975  because  less  stream  habitat  was  impounded  and 
the  1975  year  class  was  smaller. 

Ripe  shad  were  captured  migrating  upstream  early  in  May  1974  at  Station  IV. 
Before  it  was  impounded  a  few  adults  were  taken  earlier  at  Stations  V  and  VI. 
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Miller  (1960)  reported  that  adult  gizzard  shad  ascend  smaller  streams  to  spawn. 
However,  there  was  no  indication  that  shad  reproduced  at  any  of  the  lotic  stations 
since  no  young-of-the-year  were  collected.  If  reproduction  did  occur  in  Whitley 
Creek,  larvae  probably  drifted  downstream  into  impounded  sections  of  stream. 

As  reservoir  elevation  increased  rapidly  in  May  1974,  Stations  III  and  IV 
became  impounded  and  water  spread  over  large  areas  of  adjacent  floodplain 
fields.  Substantial  numbers  of  ripe  adult  shad  quickly  invaded  this  newly  created 
habitat.  This  ingress  did  not  extend  to  Station  V  which  was  not  impounded.  Tows 
with  0.5-m  diameter  plankton  nets  at  Stations  III  and  IV  on  7  June  1974  indicated 
that  shad  had  spawned  in  flooded  fields  at  these  stations.  Many  larval  shad,  in¬ 
cluding  some  prolarvae,  were  collected  and  densities  were  comparable  with  those 
at  productive  shad  nursery  areas  in  the  reservoir  (Storck  et  al.  1978). 

The  density  of  young  shad  remained  high  at  Stations  III  and  IV  throughout 
summer  1974.  As  the  reservoir  water  level  receded  and  Whitley  Creek  became 
confined  to  its  normal  stream  channel,  both  young-of-the-year  and  adult  shad 
moved  downstream.  Most  young-of-the-year  shad  moved  quickly  while  some 
adults  became  concentrated  for  a  short  period  of  time.  By  the  time  Stations  III 
and  IV  had  reverted  to  a  stream  condition,  all  adult  shad  had  moved  downstream 
and  only  a  small  number  of  young  remained  in  stream  habitat.  No  shad  were  col¬ 
lected  at  Station  III  or  IV  the  following  spring,  but  some  young-of-the-year  move 
upstream  as  far  as  Station  III  during  August. 

Carp  exhibited  patterns  of  movement  and  distribution  similar  to  those 
observed  for  the  gizzard  shad.  They  were  common  at  Stations  I  and  II,  which 
were  impounded  during  much  of  the  study,  but  seldom  were  taken  in  stream 
habitat.  In  1974,  large  numbers  of  ripe  adults  moved  into  recently  inundated 
fields  at  Stations  III  and  IV.  Tows  with  a  0.5-m  plankton  net  indicated  that  some 
carp  spawning  had  occurred  in  these  fields,  but  later  seining  yielded  few  young- 
of-the-year.  Adult  carp  moved  downstream  quickly  in  response  to  receding  water 
level  during  autumn  1974.  In  1975,  Stations  III  and  IV  were  not  impounded  and 
only  one  carp  was  collected  at  these  stations. 

Brook  silverside  were  not  collected  in  Whitley  Creek  in  1971  or  1972, 
presumably  because  the  reservoir  population  was  small.  They  were  first  captured 
in  August  1974.  Maximum  numbers  occurred  at  Stations  II  and  III  and  small 
numbers  moved  upstream  as  far  as  Station  V,  which  was  not  impounded.  There 
was  no  evidence  that  brook  silverside  spawned  in  Whitley  Creek.  When  Station 
III  reverted  to  stream  habitat  many  remained  at  this  station  at  least  through 
November.  None  were  collected  in  Whitley  Creek  the  following  spring,  but 
substantial  numbers  moved  upstream  as  far  as  Station  III  in  September  1975.  The 
brook  silverside  was  the  only  species  that  entered  stream  habitat  in  substantial 
numbers  during  summer. 

Largemouth  bass  were  common  in  Whitley  Creek  throughout  the  study,  but 
were  not  abundant  in  1974  when  the  greatest  area  was  impounded  and  stream 
discharge  was  highest.  They  were  collected  throughout  the  year  at  impounded 
stations,  but  only  during  spring  at  lotic  stations.  In  1974,  adult  bass  moved  far 
upstream  in  April  when  stream  flow  was  maximum.  Our  sampling  gear  was 
inefficient  in  fast  flowing  stream  habitat,  but  fishermen  were  catching  large 
numbers  at  stream  locations.  Five  adult  largemouth  bass  collected  in  a  single  seine 
haul  in  early  May  in  a  small  tributary  of  Whitley  Creek  3  km  upstream  from 
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station  VI  indicated  that  largemouth  bass  moved  upstream  beyond  the  limits  of 
the  study  area.  However,  these  bass  apparently  did  not  remain  at  stream  stations 
during  summer  and  young-of-the-year  were  not  collected  at  Stations  V  and  VI. 
Adult  bass  did  remain  at  impounded  stations  throughout  the  summer  and 
substantial  numbers  of  young-of-the-year  were  also  collected  at  Stations  III  and 
IV.  Thus,  largemouth  bass  spawned  in  impounded  parts  of  Whitley  Creek.  When 
Stations  III  and  IV  reverted  to  a  stream  condition,  some  young-of-the-year 
remained,  but  adults  moved  downstream.  By  November,  only  Station  I  was  still 
impounded  and  adult  bass  concentrated  in  this  area. 

Lepomis  cyanellus,  L.  macrochirus,  Pomoxis  annularis ,  and  P. 
nigromaculatus  responded  similarly  to  water  level  fluctuation  in  Whitley  Creek. 
They  were  most  abundant  at  reservoir  stations  and  more  abundant  in  1974  than  in 
other  years.  We  collected  only  small  numbers  of  these  species  in  stream  habitat, 
but  crappie  and  bluegill  were  present  in  fisherman’s  catches  as  far  upstream  as 
Station  VI  in  April  and  May  1974.  In  1974,  only  small  numbers  of  adults  were 
captured  at  Stations  III  and  IV,  but  successful  spawning  was  indicated  by  the 
presence  of  large  numbers  of  young-of-the-year  of  these  species.  Adults  and  young 
moved  downstream  when  impounded  stations  reverted  to  stream  habitat.  Young- 
of-the-year  of  these  species  were  concentrated  for  a  short  time  at  Station  II  in 
November,  but  had  left  the  area  by  mid-December. 


DISCUSSION 

Numerous  species  common  in  Lake  Shelbyville  used  impounded  parts  of 
Whitley  Creek  and  many  moved  into  stream  habitat  for  short  intervals  during 
spring.  However,  there  is  no  indication  that  any  of  these  species  persisted  in  large 
numbers  in  stream  habitat  nor  that  any  successfully  reproduced  there.  Many  of 
these  species  inhabit  streams  and  their  failure  to  maintain  populations  in  Whitley 
Creek  may  be  the  result  of  the  small  size  and  low  summer  flow  of  this  stream. 

The  physical  alteration  of  stream  habitat  caused  by  silting  and  the 
population  pressures  exerted  by  the  influx  of  reservoir  species  into  impounded 
areas  were  temporary.  Stream  species  quickly  recolonized  these  areas,  and  species 
composition  and  relative  abundance  in  the  recently  impounded  stream  levels  were 
similar  to  1971,  previous  to  any  inundation.  In  1976,  stream  areas  in  1975  were 
extremely  low  and  flow  ceased  in  August.  Stations  V  and  VI  were  dry  and  only 
small  isolated  pools  remained  at  Stations  III  and  IV.  Few  fish  persisted  in  these 
pools.  Thus,  the  impact  of  drought  on  the  stream  fauna  of  Whitley  Creek  is 
potentially  as  damaging  as  that  of  temporary  reservoir  encroachment  on  stream 
habitat. 

The  magnitude  of  movement  of  reservoir  species  into  tributary  streams  is 
probably  related  to  the  volume  of  stream  discharge.  Fish  movement  into  Whitley 
Creek  was  greatest  in  1974  when  stream  discharge  was  highest.  The  initial 
movement  occurred  in  April  and  May  before  much  of  the  stream  was  impounded. 
Gizzard  shad,  carp,  bluegill,  largemouth  bass,  and  crappie  entered  areas  that 
were  not  impounded.  These  species  probably  would  not  have  used  newly 
impounded  areas  of  Whitley  Creek  as  heavily  if  the  reservoir  level  had  risen  in 
response  to  a  lesser  stream  flow.  Likewise,  movement  is  apparently  associated 
with  the  spring  spawning  interval  and  it  is  doubtful  that  equivalent  invasions  of 
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impounded  habitat  would  have  occurred  under  similar  circumstances  in  summer 
or  autumn. 

Large  areas  of  Whitley  Creek  were  impounded  temporarily  by  high  water  in 
the  spring  and  summer  of  1974  and  served  as  nursery  grounds  for  many  reservoir 
species.  Gizzard  shad  and  bluegill  were  most  numerous,  but  substantial  numbers 
of  young  of  other  species  were  also  present.  These  young-of-the-year  remained  in 
Whitley  Creek  until  the  water  level  was  drawn  down  in  autumn  and  then 
apparently  returned  to  the  reservoir.  Only  a  small  fraction  were  stranded  in 
isolated  pools.  The  contribution  these  young  made  to  the  reservoir  population 
cannot  be  quantified  but  Whitley  Creek  and  similar  tributary  streams  may 
enhance  recruitment  of  numerous  species  in  years  of  high  water. 
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Table  I.  Total  numbers  of  21  most  abundant  species  of  fish  collected  at  the  six  sampling  stations  on  Whitley  Creek,  Coles  and  Moultrie  Counties,  Illinois. 
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FIGURE  1.  The  surface  area  of  Whitley  Creek  impounded  at  Lake  Shelbyville  reservoir  elevations  of  183  and  188  MMSL. 


FIGURE  2.  Lake  Shelbyville  water  levels  during  spring  and  summer  of  1971,  1972,  1974,  and  1975.  Whitley  Creek  station  elevations  are  represented  by  horizontal  lines. 
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A  FIXED-POINT  INDEX  FOR  SYMMETRIC 
PRODUCT  MAPS  ON  EUCLIDEAN  SPACES 

Charles  N.  Maxwell 
Department  of  Mathematics 
Southern  Illinois  University  at  Carbondale  62901 

ABSTRACT.  The  author  shows  that  the  classical 
Holpf-Lefschetz-Leray  fixed-point  index  can  be 
extended  to  include  a  certain  type  of  "multiple¬ 
valued"  function.  Specifically,  for  continuous 
maps  from  an  open  subset  V  of  a  Euclidean  space 
E  into  the  n-fold  symmetric  product  E^n^  of  E 
(with  compact  fixed-point  set)  an  integer-valued 
index  is  defined.  Properties  analogous  to  the 
classical  (n=0)  case  are  established,  including 
the  relationship  to  the  Lefschetz  number  of  a 
map.  The  elements  of  E^n^  are  unordered  sub-sets 
of  E  having  n  elements,  with  repetitions  allowed. 
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INTRODUCTION 

For  a  given  positive  integer  n  and  topological  space  E, 
will  denote  the  n-fold  symmetric  product,  which  is  the  quotient 
space  of  the  Cartesian  product  En  obtained  by  identifying  two  ele¬ 
ments  if  one  is  obtained  from  the  other  by  permuting  coordinates. 

A  map  f:  V  +  E^n^  is  said  to  have  multiplicity  n.  If  x  c  VcE^^, 
then  x  is  f ixed  under  f :  V  -►  E^n^  if  x  is  a  coordinate  of  f(x), 
and  will  denote  the  set  of  fixed  points  of  f. 

(0.1)  A  continuous  map  f :  V  E^n^  is  admis s ible  if  E  is  euclidean 
q-space  IR^  for  some  q  >  0,  V  is  open  in  E,  and  is  compact. 

The  purpose  of  this  article  is  to  define  an  integer- valued 
fixed-point  -  index  1(f)  for  admissible  maps  f  whose  non- vanishing 
guarantees  the  existence  of  a  fixed  point.  The  development  given 
here  follows  rather  closely  that  of  A.  Dold  (see  [1],  VII,  5). 

The  roots  of  this  theory  lead  back  to  the  monumental  work  of 
Leray  [3]  and  Lefschetz  (see  [8]  for  historical  details). 

After  the  notation  and  homological  machinery  is  set-up  in 
sections  1,  2,  and  3,  the  index  is  defined  and  its  homotopy  in¬ 
variance  is  proved  in  section  4.  In  section  5,  two  additivity 
formulas  are  established.  The  multiplicative  property  is  presented 
in  section  6.  Under  the  assumption  that  the  admissible  map  fac¬ 
tors  through  a  compact  subset  of  E^n^,  the  index  can  be  expressed 
as  a  Lefschetz  number,  as  we  will  show  in  section  7.  A  commuta¬ 
tivity  property  is  presented  in  section  8. 

(0.2)  A  source  of  examples  of  admissible  maps  arises  from  a  group 
G  =  {q^,  •  qn)  of  order  n  with  a  right  operation  on  a  topological 
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space  X.  Let  h :  V  -*  X\G  and  k:  X  +  E  be  continuous,  where  V 
is  open  in  E  =  IR^ .  For  x  e  V,  select  y  €  X  for  which 
hx  =  yG  c  X\G .  Define  f(x)  =  [k(yg1),  k(yg2),  •••>  k(ygn)]cE^ 
If  is  compact,  the  map  f :  V  is  admissible. 

(0.3)  Another  example  is  given  by  the  inverse  function  of  a  poly 
nomial  function  P:  C  (E  of  degree  n  >  0,  over  an  open  set  V  of 
C.  For  x  e  V,  let  f(x)  =  [Zp  ...,  z  ]  be  the  element  of  (C^n^ 
giving  the  solutions  to  the  equation  P(z)  =  x.  Then  =  Kp  fl  V 
is  finite  and  f  is  admissible.  More  generally,  symmetric  product 
maps  arise  frequently  in  algebraic  geometry. 

§1.  Symmetric  Products  and  Their  Structure  Maps.  Given  a 
topological  space  X  and  n  >  0,  the  element  of  X^n^  represented  by 
(x-p  .  .  .  ,  xn)  €  xn  will  be  denoted  by  [Xp  .  .  .  ,  xR]  .  If  A  c  X, 
then  A^n^  c  X^n^«  Given  a  map  f:  (X,  A)  (Y ,  B)  ,  then  f  induces 
a  map  f^n^:  (X^,  A^)  +  (Y^n\  B^)  given  by 

(1.1)  f(n)[Xp  ...,  xn]  =  [f(x1),  ...,  f  (xn)  ] 

foi  all  [  x  ,  ...,  x  ]  c  X^n^.  If  f,  r :  (X,  A)  -+  (Y,  B)  are  homo¬ 
topic,  then  f^n)  and  are  homotopic  also.  The  correspondence 

(  ,  ) ^  given  by 

(1.2)  (X,  A)  I - >  (X<n>,  A(n)),  f  I - *  f 


is  a  functor  on  the  category  of  pairs  of  topological  spaces  and 
induces  a  functor  on  its  homotopy  category. 
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(1.3)  The  identification  map  :  Xn  is  an  open  map  for 

any  space  X.  Consequently,  the  product  map  p^  x  p^ :  Xn  x  Xm  -*■ 

x  X(m)  is  also  an  identification  map,  since  it  is  continu¬ 
ous,  open,  and  surjective. 

For  a  space  pair  (X,  A)  and  positive  integers  n  and  m, 
there  is  an  adj  oining  map 

(1.4)  anra(X.  A):  (X(n)  x  X(m),  A(n)  x  A(m))  -  (X(n+ra)  ,  A(n+m)) 


given  by  anm(X,  A) ( [xx ,  xR] ,  [y1 ,  ....  ym] )  = 

[x^,  ...,  ,  y^ ,  ...,  y  ] .  The  adjoining  map  gives  a  pairing 

which  is  associative  and  natural.  Its  continuity  may  be  proved 
by  employing  (1.3).  More  generally,  we  may  speak  of  a  natural 
adj  oining  map  for  positive  integers  n^ ,  ...,  nm  and  a  space  pair 


(X,  A) 

(n,) 

(1.5)  (X  1  x 


(n  ) 
v  nr 


(n,) 

A  x 


(n  ) 

a  m  > 

x  A  ) 


(X 


(nx  + 


n  ) 

nr 


(nl  + 


+  n  ) 
m 


defined  by  concatenation. 

In  particular,  if  n.  =  n  for  i  =  1,  ...,  m,  the  adjoining 

map 

(X  (n)m,  a  (n)m)  (x(nm)  A^nm^) 

is equivariant  with  respect  to  permutation  of  the  m  coordinates. 
Hence  there  is  induced  a  natural  map 

6  “(X.  A):  (X(n)<B>,  A(n)(mh  +  (X(nmh  ACnm)) 


(1.6) 
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given  by 

6n  [[Xj1,  xn*] •  •••»  [xxm.  •••,  xnm])  - 

rx  1  x  1  x  m  x  mi 

The  continuity  of  3  follows  from  that  of  a. 

For  a  space  pair  (X,  A)  and  for  positive  integers  m  and  n, 
the  diagonal  map  A  of  into  x^n^m  induces  a  map 


m 

d"m(X,  A):  (X(n),  A(n)) 


(X*-nin)  ,  A^nm^),  also  called  the  diagonal 


defined  to  be  the  composition  3  mpA  : 

r  n  r  m 


(x(n)(  A(n)j  (x(n)»f  A(n)»j 


(1.7) 


3 


m 


(X(mn)  ^  a (mn)  j  4  n  (X(n)(m)  A(n)(m)j 


where  p  is  the  canonical  projection. 

A  composition  *  0f  maps  may  be  defined  as  follows.  Given 
maps  f:  (X,  A)  -  (Y(n),  B(n:))  and  g:  (Y,  B)  •*  (Z(ra:),  C(m))  define 
g*f:  (X,  A)  ■+  (Z(ran),  C(mn:>)  to  be  the  composition 

(1.8)  (X,  A)  -£->  (Y(n),  B(n))  -  8  ('n-'>  ■>  (zMOO,  CM  (n)) 

Bmn(Z.  C) 

I 

(■z(mn)(  c(mn)j 


where  3  is  defined  in  (1.5).  The  composition  *  is  associative. 

The  function  f:  V  of  example  (0.2)  may  now  be  des¬ 

cribed  as  the  composition  k*p*h  where  p:  X\G  +  X  is  given  by 
p(y)  *  [xg1,  xgn]  for  any  x  for  which  y  *  xG. 
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Given  maps  f:  (X,  A)  -+•  (Y^n?,  B^n^)  and  g:  (X,  A)  (Y^m\  B^m^), 


the  ad j unction  fvg:  (X,  A)  ■>  (Y^n+m^,  g(n+m)^  is  defined  as  the 


composition 


(X,  A)  ■  f*g  >  (Y('n')  X  B('n-)  X  B(ra)) 


(1.9) 


«nm(Y,  B) 


^y(n+m)  B  (n+m) . 


where  a  is  defined  in  (1.4). 


The  adjunction  of  maps  is  commutative  and  associative.  By 


iteration,  there  is  an  adjunction  f ,  v  . . .  V  f  of  maps 

(nj  (n . )  1 


f ^ :  (X,  A)  +  (X  1  ,  A  1  )  for  any  m  >  0,  which  may  be  obtained 
also  by  a(f^  x  ...  x  f  )  with  a  as  in  (1.5). 

Given  pairs  (Z,  C)  and  (Y ,  D)  and  positive  integers  n  and  m, 
there  is  a  product  map 


(1.10)  it:  CZCn)  x  C(n^  X  D(m))  +  ( (Z  x  Y)  ^nrah  (C  x  D)  ^nrab 


given  by 


tt([z,,  ...,  z  1  ,  [y,  ,  y  1)  =  [(z.  ,  y-)li  •  n  • 

1  nJ *  L/l’  *  /mJJ  LV  i*  7j7Jl<i<n,  l<j<m. 


In  other  words,  tt(z,  y)  is  the  unordered  nm-tuple  consisting  of 
pairs  (z^,  y.)  €  Z  x  Y  with  1  <_  i  <_  n ,  1  £  j  <_m.  The  map  tt  ’ 

J 

defined  on  the  cartesian  product  in  a  corresponding  manner  is 
obviously  continuous.  Hence  using  (1.3)  again  in  the  commutative 
diagram 
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Zn  x  Ym 


TT 


->  (Z  X  Y) 


nm 


P  x  P 
rn  *m 


(n) 


X  Y 


(m)  7T 


nm 


(Z  x  Y) 


(nm) 


one  proves  the  continuity  of  tt  . 

(1.11)  If  f:  (X,  A)  +  (Z(n),  C(n))  and  g:  (W,  D)  +  (Y(n),  D(m)) 
are  maps,  then  the  symmetric  product  of  f  and  g  is  tt  ( f  x  g)  , 
where  (f  x  g)(x,  w)  =  (f(x),  g(w)),  as  indicated: 

(X  x.W,  A  X  D)  (Z<n>  X  Y^,  C(n)  X  D(mb  — 

((Z  x  Y)  (nra)  ,  (C  x  D)  (nrah 

where  tt  is  the  product  map  of  (1.10). 


(1.12)  It  is  not  hard  to  show  that  if  X  is  Hausdorff,  V  c  X, 
and  f :  V  +  X^n^  continuous,  n  >  0,  then  the  fixed  point  set 

is  a  closed  subset  of  V.  Similarly,  we  establish  the  following 
result  about  homotopies. 

(1.13)  LEMMA.  Let  X  be  Hausdorff  V  c  X,  and  F:  V  x  I  -  X* 1^ 

be  continuous.  Let  M  =  Utej  Kp  .  If  there  is  a  compact  set  A 

such  that  M  c  A  c  V,  then  M  is  compact. 

PROOF.  Let  W  =  {(x,  [y^,  ...,  y  ])  e  X  x  X^  |  x  =  y^  for  some 

i  =  1,  ...,  n}.  Using  the  Hausdorff  separation  of  X,  one  shows 
that  W  is  closed  in  X  x  X^n^.  Let  h:  V  x  I  +  X  x  X^n^  be  given 
by  h(x,  t)  =  (x,  F(x,  t)).  Then  h  is  continuous;  h  1 (W)  is  closed 
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in  V  x  I,  and  is  contained  in  the  compact  set  A  x  I.  Hence, 
h”*(W)  is  compact.  Since  M  is  the  projection  of  h  * (W)  in  V,  M 
is  compact. 

□ 

§2.  Symmetric  Products  of  Euclidean  Spaces.  Throughout 
this  section  E  will  denote  the  euclidean  space  IR^  for  some  q  >  0 
and  n  will  denote  a  positive  integer.  The  functions 
s:  1  x  E^n^  +  E^n^  given  by 

(2.1)  s(t,  [x^ ,  •  •  •  t  x^ ])  -  [tx1  ,  •  •  •  9  1 

and  D:  E  x  E^  E^n^  given  by 

(2-2^  D(x>  txl>  ••••  xn^  =  fx  '  X1 . x  '  XJ 

will  be  called  scalar  multiplication  and  difference ,  respectively. 
They  are  obviously  well-defined.  We  check  continuity.  The  maps 
lj  X  p:  »  »  En  +  R  X  and  1£  X  p:  E  x  En  E  x  are  iden- 

tification  maps  since  1-^,  lg,  and  p  are  open  and  surjective.  If 
we  let  s:  1  x  En  +  En  be  given  by  s(t,  (x^  ,  ...,  xR))  = 

(tx^,  ...,  txn)  ,  then  ps  =  s(l^  x  p)  .  Since  s  is  continuous  and 
lj^  x  p  is  an  identification,  s  is  continuous.  Similarly,  let 
D:  En  x  En  +  En  be  given  by 

H((x1,  ....  xn)  .  (y1,  ....  yn))  “  Uj  -  y1,  •••>  xn‘yn)- 


In  the  commutative  diagram 
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A  x  1 


.n 


E  x  En  - Ll_*  En  x  En  - 2 — *  En 


1_  x  p 


E  x  E 


(n) 


D 


->  E 


(n) 


where  A  is  the  diagonal,  pD(A  x  1  )  is  continuous  and  1P  x  p 

En  Ct 

is  an  identification.  Hence  D  is  continuous. 

If  V  c  E  =  with  inclusion  map  i:  V  E,  then  for  any 
map  f :  V  *►  E^,  the  difference  (i  -  f )  :  V  -►  E^n^  is  defined 
to  be  the  composition 

(2.3)  V  V  x  y  E  x  E^n-*  — 2_>.  E^n-* 


where  A  is  the  diagonal  map. 

The  addition  a:  E  x  E  -►  E  of  euclidean  space  E  =  IR^  may 

also  be  carried  over  to  the  symmetric  product  E^n^,  but  at  the 

price  of  increasing  multiplicity.  However,  the  addition  can  be 

useful  in  constructing  homotopies  as  we  shall  see  in  section  8. 

2 

We  define  addition  A:  E^n^  x  E^  +  E^n  ^  as  the  composition 

2 

(2.4)  E^  x  E -2L*  (E  x  E)*^^  E^"2^ 


where  tt  is  the  product  map  of  (1.10),  a  is  vector  addition  in 
/•_  2  \ 

E,  and  J  is  its  symmetrization  (see  (1.1)).  That  is 
AdXj . xn] ,  [yj,  . . . ,  ynl)  -  [xi  +  y.  :  1  <  i  <  n,  1  £  j  <  n 

It  follows  easily  that 


*  djj  y  and  A(x,  0) 


2 

x 


(2.5) 


A (0 ,  y) 
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for  x,  y  e  where  djj  is  the  diagonal  map  of  (1.7), 

0  =  [0,  ....  0]  (  B(n). 

§3.  The  trace  homology  homomorphism.  In  this  section,  we 
will  define  a  natural  homomorphism,  of  degree  0, 

(3.1)  pn :  H(X('n-),  A(n))  H  (X ,  A) 

where  H(  -  )  denotes  the  singular  homology  functor  with  integer 
coefficients  and  (X,  A)  ranges  over  the  category  of  CW  pairs. 
yn  will  be  called  the  trace  homomorphism.  We  will  show  that  pn 
gives  a  homomorphism  from  the  exact  sequence  of  the  pair 
(X(n),  A^n^)  to  that  of  the  pair  (X,  A).  We  will  show  that 
the  trace  satisfies  certain  compatibility  conditions  with  re¬ 
spect  to  the  maps  a,  3,  and  d  introduced  in  (1.4),  (1.6),  and 
(1.7). 

Let  K  be  a  simplicial  set  with  face  maps  d^ ;  K  -*■  K  ,  and 

r  i  m  m- 1 

degeneracy  maps  s.  :  K  -*■  K  ,  ,  for  m>0,  0<i<m.  For  each 
b  r  i  m  m+1*  —  ’  —  — 

n  >  0,  the  n- fold  (Cartesian)  product  Kn  of  K  is  the  simplicial 
set  with  (Kn)  =  (K  )n  for  all  m  >  0,  with  faces  and  degeneracies 
defined  coordinate -wise .  The  symmetric  group  gives  a  simplicial 
action  on  Kn  by  permuting  the  coordinates.  Identifying  modulo 
this  group,  we  obtain  K^n^,  the  n-fold  symmetric  product  of  K. 

For  m  ^  0,  (K^n^)m  =  (Kn)m»  An  m-simplex  of  is  an  unordered 

n-tuple  [x-p  ...,  xn]  of  m-simplexes  of  K.  The  face  and  degeneracy 
maps  of  are  given  by 
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(3.3) 


di[x1,  ....  xn]  tdixi»  •••»  dixnl 
si[x1,  ...,  xn)  =  [six1,  s.x  ] 


for  [x.  ,  x  ]  e  and  0  <_  i  <_  m,  and  all  n  >  0. 

If  L  is  a  subcomplex  of  the  simplicial  set  K,  then  L 


(n) 


may  be  identified  as  a  subcomplex  of  K 


(n) 


The  geometric  realization  |K|  of  a  simplicial  set  K  has  as 


elements  equivalence  classes  x,  u  of  elements  (x,  u)  c  K  x  A  . 

1,1  v  J  m  m 

where  Am  is  the  standard  m-simplex  (see  [3],  p.  55).  A  simpli¬ 
cial  map  f:  K  L  induces  a  continuous  function  |f|:  |K|  *+■  |  L  | 


by  the  rule  |f||x,  u|  =  |fx,  u|. 

For  every  positive  integer  n  and  simplicial  set  K,  there 
is  a  natural  weak  homotopy  equivalence 


(3.4) 


P : 


K 


(n) 


K 


(n) 


given  by  p|[x][,  ...,  xR]  ,  u|  =  [|x1,  u|,  ...,  |xR,  u|]  where 
[x1(  ....  xn]  €  (K(n))m,  U  C  Am,  (see  [7],  p.  162,  6.6). 

For  any  space,  the  geometric  realization  |K(X)|  of  its  singu¬ 
lar  complex  K(X)  is  a  CW  complex  which  is  weakly  homotopy  equiva¬ 
lent  to  X  via  a  natural  map 

(3.5)  j :  |K(X) |  +  X 

given  by  the  rule  j | a ,  u|  =  a(u)  for  a  c  Km(X) ,  u  e  Am  (see  [5]). 
In  case  X  itself  is  a  CW  complex,  then  j  is  a  homotopy  equivalence 
(see  [6]  ,  VII  24,  p.  405). 

For  any  space  X,  there  is  a  natural  simplicial  map 

0  :  K (X)  -*•  K(X^nb 
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given  by 


(3.6)  6  [a1 ,  an]  =  P°  (ax  x  ••• 

where  a-,  ,  ...»  a  c  K  (X) ,  A  is  the  diagonal  of  the  standard 
m-simplex  into  its  n-fold  cartesian  product,  and  p  is  the  pro¬ 
jection  of  Xn  onto  X^. 


(3.7)  LEMMA.  For  a  CW  complex  X  and  n  >  0,  | e (X) | :  |K(X)^n^|  -*• 

| K  ( X  ^  ^)|  is  a  weak  homotopy  equivalence. 

PROOF.  The  map  j  (X)  :  |K(X)|  -*■  X  of  (3.5)  is  a  homotopy  equiva¬ 

lence  since  X  is  a  CW  complex.  Hence  j(X)n:  |K(X)|n  +  Xn  and 
j  (X)  ^  :  |  K  (X  )|^n  ^  -►  X^n^  are  homotopy  equivalences. 

Now  consider  the  diagram  of  continuous  maps 


K (X  ) 

/  V 


i(x(n)). 


(3.8) 


e(x) 


(n) 


i(X) 


(n) 


K(X)('n->|  - i-|K(X)|^n^ 


where  p  is  as  in  (3.4).  One  checks  that  j  (X)  p  (X)  |  [o.  ,  ...,  a  ]  ,  u 

=  [oj(u) . on  (u) ]  =  p®(o1  x  ...  x  an)»A(u) 

=  j (X^nh 1 0 (X) | | [o1 ,  ...,  on],  u|,  for  |[o1(  ....  an] ,  u|  c 
| K (X) ^  | .  Hence  (3.8)  commutes.  Then  | 9 (X) |  must  be  a  weak 
homotopy  equivalence  since  the  remaining  three  maps  of  (3.8)  are 
weak  homotopy  equivalences. 


For  any  simplicial  set  K,  C(K)  will  denote  the  chain  com¬ 


plex  of  K.  That  is,  Cm(K)  is  the  free  abelian  group  on  Km, 
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and  Jx  -  Z^(-l)1d^x  for  x  e  Km.  The  homology  of  C(K)  is,  by 
definition,  the  homology  H(K)  of  K.  For  a  space  X,  the  singu¬ 
lar  homology  H(X)  is,  by  definition,  H(K(X))  where  K(X)  is  the 
singular  complex  of  X. 

If  A  c  X,  where  X  is  any  space,  the  chain  map  0(X)^  induced 
by  0 (X)  will  induce  a  chain  map 


(3.9)  6(X,  A)#:  C(K(X)  ^b/CCKCA)  -*  CK(X^nh  A^)- 

We  get  a  commutative  diagram  of  chain  maps  where  rows  are  exact: 


(3.10) 


0  =►  C  (K  (A)  (nb 

e(A)# 

V 

0  5.  CK(Afnb 


-s.  C  (K  (X)  (n)) 

e  (x)# 

*  CK(X^nb 


C(K(X)  ^nb/C(K(A)  ^nb  - 0 

e  (x,  A)# 

V  CK(X(n^  ,  A(n))  - »  0 


(3.10)  THEOREM.  If  A  and  X  are  CW  complexex  with  A  c  X,  then 
0(X,  A)  ^  of  (3.9)  induces  a  natural  isomorphism 


H(K(Xpnb  K(A)tnb  -  H(X(nb  A(n))  , 

and  0  induces  a  natural  isomorphism  of  the  exact  homology  sequence 

of  (K(X)^n\  K(A)^n^)  with  the  exact  homology  sequence  of 
(K(X(n)),  K(A(n))). 


PROOF.  Consider  the  commutative  diagram 

6  (X)  * 


H (K (X)  (n)) 


*(K(X)  (n)) 


H ( I  K (X) 


(n)  I  ) 


H(K(X^nb) 

4-(K(X(n))) 
H(|K(X(n))  |) 


I  6 (X)  |* 
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where  ^  is  the  natural  isomorphism  of  the  homology  of  a  simplicial 
set  with  the  homology  of  its  geometric  realization  (see  [ 4  J ,  p. 

62,  63).  py  (3.7),  |0(X)|  is  a  weak  homotopy  equivalence.  Hence 
| 6 (X) | *  is  an  isomorphism  (see  [6],  VII  25,  p.  406).  It  follows 
that  0(X)*  is  an  isomorphism.  Similarly,  0(A)*  is  an  isomorphism. 
By  applying  the  five  lemma  to  the  long  exact  sequences  of 
(K(X)<-n'),  K  (A)  ^ )  and  (KCX*-1^).  K(A^n)))  obtained  from  (3.10), 
0(X,  A)*  is  proven  to  be  an  isomorphism  also,  and  0*  gives  a  natu¬ 
ral  isomorphism  of  these  exact  homology  sequences. 

The  foregoing  theorem  enables  us  to  replace  H(X^n^,  A^n^) 
by  H(K(X)^n\  K(A)^n^),  whenever  A  c  X  are  CW  complexes,  in  order 
to  define  the  trace.  First  we  define  the  trace  chain  map 
vn:  C(K(X)^)  +  CK  (X)  by  the  rule: 

(3.11)  vI1[a1,  ...,  aR]  =  o1  +  ...  +  aR 

for  •••>  oR  c  K  (X)  .  Clearly  vn  is  a  well-defined  chain  map 

and  vn  maps  C(K(A)^n^)  into  CK  (A)  ,  and  hence  we  have  an  induced 
chain  map 

v11:  C(K(X)  (nb/C(K(A)  ^n))  -  CK(X)/CK(A). 

Passing  to  homology,  vn  induces  a  natural  homomorphism  from  the 
exact  homology  sequence  of  (K(X)^n^,  K(A)^n^)  to  that  of  (X,  A). 

(3.12)  For  CW  complexes  A  and  X  with  A  c  X  and  for  all  n  >  0, 
we  define  a  trace  homology  homomorphism 
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.  .  .  .  n  - 1 

to  be  the  composition  v  *6* 

H(X(nh  A(n))  -  6^1  >  H(K(X)^nh  K(A)^nh  --*-■>  H(X,  A). 

From  (3.10)  and  (3.11),  it  follows  that  pn  yields  a  natural 
homomorphism  from  the  exact  homology  sequence  of  (X^n^,  A^n^) 
to  that  of  (X,  A).  In  particular,  for  g:  (X,  A)  (Y ,  B)  where 
X,  A,  Y,  B  are  CW  complexes,  then  yn(Y,  B)g*n^  =  g*pn(X,  A). 

The  behavior  of  the  trace  relative  to  the  diagonal  map 
of  (1.7)  is  given  in  the  next  lemma. 

(3.13)  LEMMA.  For  CW  complexes  A  c  X  and  integers  n,  m  and  q 
with  n*m  =  q,  the  following  diagram  is  commutative 

H(X*-nL  A(n))  — H(X^qh  A(q)) 

n 

V 

H  (X  ,  A)  — ™-‘ld  >  H  (X  ,  A) 

where  d  =  d  q(X,  A)  is  the  diagonal  map  defined  in  (1.7). 

PROOF:  Define  3:  (K(X)  K(A)  (nL  -  (K(X)(qh  K(A)^qh  by 

^[°1’  ...,  an]  =  [c^,  ...,  a1(  ...,  an,  .  .  .  ,an),  (that  is,  d 

^ - v _ ^  ' - - / 

m  m 

repeats  each  simplex  m  times).  Then  d  is  simplicial  and  the 
following  diagrams  are  easily  seen  to  be  commutative: 
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(K(X)(n),  K (A)  ) 

(3.14)  6 

y 

(K(X(n)),  K(A(n))) 


3-^  (K(X)(q),  K(A)(q)) 

6 

(K(X(qb  K  (A  ^qb  )  , 


(3.15) 


C  (K  (X)  (n))/C(K(A)  (n:>) 


C (K (X) / CK (A) 


C(K(X)  (q:>)/C(K(A)  (q)) 

vq 

V 

in-id.  CK  (X)  /  CK  (A) 


Hence  in  diagram  (3.16)  below, 


v* 

v* 


mv 


mp 


qe*1d* 

by 

(3.12) 

qd*0*1 

by 

(3.14) 

PV1 

by 

(3.15) 

n 

by 

(3.12)  . 

(3.16) 


H(K(X)(nb  K(A)(nb 
6  *• 

n  „„(n)  «(n) 


■y  H(K(X)  ^  ,  K (A)  ^qb 


v. 


H  (X  '  '  ,  A '•“•') 
£ 


H (X,  A) 


m-  id 


y  H(X,  A) 


□ 
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Note  that,  for  any  spaces  E  and  F,  K(E  x  F)  is  naturally 
isomorphic  to  K(E)  x  K(F)  by  the  correspondence  a  | — >  (p-^a,  p ^ cr) 
where  0  c  ^m(E  x  F)  and  p^ :  E  x  F  E ,  E  x  F  +  F  are  the 

projections.  Henceforth,  these  simplicial  sets  will  be  identi¬ 
fied. 

For  any  two  simplicial  sets  K  and  L,  there  is  a  natural  chain 
homotopy  equivalence 

(3.17)  EZ:  C (K)  0  C(L)  -  C(K  x  L) 


(see  [4],  29.6,  p.  132)  called  an  Eilenberg-Zilber  map.  Thus  for 
CW  complexes  X,  Y  and  positive  integers  n,  m,  naturality  yields  a 
commutative  diagram  of  chain  maps 

CKfX^b  0  CK  (Y  ^ >  CK(X('n')  x  Y(m)) 


(3.18) 


A 

en@em 


/i' 


enx0m 


C(K(X)^nb  0  C(K(Y)(mb  — — — y  C  (K  (X)  x  K(Y)(mb 


where  0  here  denotes  the  chain  map  of  the  simplicial  map  0  defined 
in  (3.6). 

(3.19)  LEMMA.  For  all  CW  complexes  X,  Y  and  positive  integers 
n,  m, 

(en  X  0m)*:  H(K(X)(n)  X  K(Y)(mb  -  H(X^n^  x  Y^) 

is  an  isomorphism. 

PROOF.  Let  H(K)+  denote  the  suspended  homology  of  simplicial  set 
K,  i.e.,  (H(K)+)p  =  Hp_1(K),  for  all  p.  Let  A*B  denote  the 
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torsion  product  of  groups  A  and  B.  We  use  the  Kunneth  Theorem 
(see  [1],  9.13,  p.  64)  for  the  free  chain  complexes  CK(X^n^), 
CK(Y('mh  and  C (K (X)  ('n"1 )  ,  C(K(Y)^mh  to  get  the  exact  columns 
of  the  commutative  diagram: 


0 


0 


H  (C  (K  (X)  (n)))@H(C(K(Y)  (m:) ) ) 


e*n@e*m  ,  ,  ,  , 

- *  H(X^nh0H(Y^mh 


fn")  fnl  fnl  fml 

H(C(K(X)  1  J)@C(K(Y)  '■  -'))  - *  HCCKCX*-  ■')8CK(Y'-  J)) 


6  ^  a  6  ^ 

H(C(K(X)  ^nh)  +  *H(C(K(Y)  ^rah)  — - — *  H(X^nh  +  *H(Y^rah  + 


y 

0 


V 

0 


Since  6*n  and  0*m  are  isomorphisms  by  (3.10),  the  bottom  and  top 
horizontal  arrows  are  isomorphisms.  By  the  five  lemma,  (0n  @  0m) 
is  also  an  isomorphism.  Using  (3.18)  and  passing  to  homology  we 
get 

(EZ),(en  e  em)*  =  (en  x  em)*(EZ)*, 

from  which  it  follows  that  (9n  x  6m) A  is  an  isomorphism. 

(3.20)  COROLLARY.  If  A  c  X  and  B  c  Y  are  CW  complexes,  and  n,  m 


are  positive  integers,  then 
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(en  X  em)*:  H(K(X)(n)  X  K(Y)(m\  K(A)(n:)  x  K(B)fm^) 


H  (X  x  Y^  ,  A  x  B^) 


is  an  isomorphism. 

PROOF.  Apply  the  five  lemma  to  the  long  exact  sequences  which 
arise  from  the  commutative  diagram  of  short  exact  sequences: 


0 


C  (K  (A)  (n:)  X  K(B)  (m:)) 


C  (K (X)  ^  x  K(Y) 


enxem 


enxem 


C  (K  (X)  ^n^xK(Y)  (mh/C(K(A)  ^n)xK(B)  (raL  CK(X^n^xY^n'h/CK(A<-nAB^m^ 


0 


CK  (A  x  B(m)) 


CK(X^n^  x  y(m)) 


V 

0 


0 


Since  the  top  two  of  the  horizontal  arrows  induce  homology  isomor¬ 
phisms  (by  3.19)  the  bottom  map  does  also. 

The  relationship  of  the  trace  y  and  adjoining  map  a  of  (1.4) 
will  now  be  established. 


(3.21)  PROPOSITION.  Let  A  c  X  be  CW  complexes  and  n  and  m  posi- 


^  T  .  ,v(n)  v(m)  *  ( n )  «  ( m )  ^  ,v(n)  A(n)v 

tive  integers.  Let  p^:  (X  *  X  7  ,  A  *  A  J )  -+■  (X  ,  A  ) 
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and  p2:  (X*-11-*  x  X*-mh  A*-"-*  x  A^)  +  A1'"1'*)  be  the  coor 

dinate  projections.  Then 


(3.22) 


n+m  m  n 


m 


y  an  *  =  p  ~pl*  +  y'”p 


2* 


in  the  diagram 


H(X(n)  xX(mh  A(n)  xA(m)) 


- »•  H  (X  ,  A(n)) 


(3.23)  p 


a 


n 


H(X(n+m),  A<n+mb 


n+m 


n 


H(X(m\  A(m)} 


y 


m 


^  H (X ,  A)  . 


PROOF.  Clearly  the  following  diagram  commutes. 


(K(X)(n),  K(A)(n)) 


0 


(K(X(n)) ,  K(A(n))) 


(3.24) 


(K(X)  (n)xK(X)  (m)  ,K(A)  (n)xK(A)  (m))  — -9-->  (K(X(n)  )xK(X(m)  )  ,K(A(n)  )xK(A 


(K(X) ,  K(A) (m)) 


- - >  (K(X(m)),  K(A(m))) 


Also,  there  is  a  commutative  diagram 


(K(X)(n)xK(X)(m)  ,K(A)  (n^xK(A) (m) )  9><6  >  (K(X(n)xX(m)  )  ,K(A(n)xA^  )  ) 


(3.25) 


a 


a 


(K(x)(n-Hn)>K(A)(n+m)) 


-9 - >  (K(X(n+m)),K(A(n+,n))) 


where  a  is  the  simplicial  function  given  by 
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<*([0}.  •••.  cn],  [t1(  ....  tn])  =  [a1(  on,  . tm]  for 

al . an ’  tl»  tra  €  Kp^X^>  PI0- 

Now  consider  the  chain  map  diagram  where  v  is  the  trace 

chain  map  defined  in  (3.11): 


C  (K  (X)  «K  (X)  ^  ,  K  (A)  (n)*K(A)  C(K(X)  ^  ,K(A) 


(3.26) 


JX 


C(K(X)(n+m),K(A)(n+ra)) 


n+m 


n 


C  (K  (X)  ^  ,  K  (A) 


V 


m 


C(K(X),  K  (A) ) 


One  verifies  easily  that,  in  (3.26), 


v 


n+m— 
a . 


Passing  to  homology  and  first  applying  the  isomorphism  (6  x  6)*\ 
(see  3 . 20) ,  we  get 


v*  P^*(9  x  0)*  +  V*P2*(6  x  ^)* 


v 


n+m— 


-1 


a*  (0  x  0) *  . 


Using  (3.24)  and  (3.25),  we  get 

n  - 1  m  - 1  n+m  -1 

v*0*  P^*  +  v*0*  P2*  =  v  6*  a* 

which  by  definition  of  trace  (3.10)  yields 

n  m  n+m 

P  Pi*  +  P  P2*  =  P  a* 

as  mappings  of  H(X(n)  x  X(m),  A(n)  x  A(m))  into  H(X,  A).  This 
establishes  equation  (3.22).  [] 


178 


T RANSACTIONS  OF  The  I LLINOIS  STATE  AcADEMY  OF  SCIENCE 


Let  x  denote  the  homology  exterior  product. 

(3.27)  THEOREM.  For  CW  complexes,  A  c  X  and  B  c  Y  and  positive 
integers  n  and  m,  the  following  diagram  commutes 

H(X^nhA^nh®H(Y^mhB(-mh  - - *  H  (X ,  A)  8H  (Y  ,  B) 

X 

V 

H((X(n),A(n))x(Y(m),BW) 

71  * 

H((XxY)  ^nmh  (AxYUXxB)  ^nmL  - Hi!! - H((X,A)x(Y,B)) 


where  tt  is  the  product  map  of  (1.10)  and  p  is  the  trace  homomor¬ 
phism. 


PROOF.  We  use  the  MacLane-Map  V  (see  [2],  p.  119,  5.8)  as  a 
specific  choice  for  the  Eilenberg- Z i lber  chain  map  and  verify 
that  the  following  diagram  commutes: 


C  (K  (X)  ,  K  (A)  (nb®C(K(Y)  ,K(B)  W)  CK  (X  ,A)  0CK  (Y ,  B) 


(3.28)  C  (  (K  (X)  ,  K  (A)  (nb*(K(Y)  (m)  ,K(A)  (m))) 


77 


C(K(X*Y) (nm) , K (AxYUX*B) (nm) ) 


V 


(nm) 


CK  (  (X ,  A)  x  (Y  ,  B)  ) 


v  denotes  the  map  of  (3.11);  tt  denotes  the  chain  map  given  by 
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"(1°! . crR ]  ,  [t1;  .  .  .  ,  tm])  =  [(ai(  t.)  :  1  <  i  <  n,  1  <  j  <  m] 

for  [a1 ,  aR]  €  (X)  (-n-)  and  [t1,  tm)  c  Kj  (Y)  ^  ,  j  >_  0 ; 

and  V  (x  8  y)  =  £  £(<*>,  p)  (s  ...  s  x,  s  ...  s  y) 

(4>,p)  pr  P1  '’’p  *1 

for  dim  x  =  p,  dim  y  =  r,  (0,  p)  runs  through  all  (p ,  r)-shuffles, 
and 

e(<t>>  p)  =  (-l)n  with  n  =  <fi  -  i  +  1. 

Take  [o1(  ....  on]  «  Kp((X)(n)),  [t1 . tm]  c  Kr((Y)(nh.  (In 

verifying  commutativity  of  (3.28)  we  abbreviate  the  notation  so 

that  e  =  e(<J>,  p)  ,  s  =  s  ...  s  ,  s'  =  s,  .  .  .  s,  for  any 

P  Pi  0  0i 

Hn  K1  yp  Y1 

(p ,  r)  shuffle  (0,  p).)  We  have 


ttV[Oj,  •  •  •  >  ®  ^  ^  *  •••>  ] 

w  I  e  (s[o1(  ....  o  ],  s'[t1(  ....  t  ]) 

(0  >  PJ 

VTT  £  C  (  [  S  O  ^  ,  ...,  SOn]  ,  [s  t  ,  *  *  1  >  ^  ^ 

(0,p) 

v  y  e  [(so  -  ,  s’t-):  1  <  i  <  n,  1  <  j  <  m] 

c*,p)  J  -  _  _  - 

i  e  in  ■,  r  t  (so. ,  s't.) 

(*;P)  1=1  J=1  1  3 

IS- 1  I?-!  I  e  (s0i>  s't  ) 

1131  U,p)  1  3 


-  yn  ,  ym  .  v(o.  @  t.) 

^ 1  =  1  L j  =1  v  1 

-  vcaS-i  °i}  ®  (^=i  V} 


=  V  (v  @  v)  [P-i»  •••>  P  ti  ^  ®  [^n>  •  •  •  >  ^  ] 


n 


nr 
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Hence  (3.28)  commutes. 

Note  that  (p  0  p)  (0*  0  6*)  =  v*  0  v*  by  definition  and  since 
6*  is  an  isomorphism 

(p  0  p)  =  (v*  0  v*)  (0*  0  0*)  1. 


It  follows  that 

(3.29)  (v  0  v)*(0  0  0)*10  =  $(p  0  p) 

where  0  denotes  the  canonical  maps 

0:  H (X ,  A)  0  H(Y,  B)  -  H(CK(X,  A)  0  CK(Y,  B))  and 

8:  H (X ('n-*  ,  A(n))  ®  H(Y^,  B1^)  -  H(CK(X^  ,  A(nb  ®  CK(Y^,  B^)). 


Consider  the  diagram: 


H(X^,  A(n))  ®  H  (Y  ,  B(ra)) 


8 


H(CK(X^n^  ,A^nb®CK(Y^m^  ,B(mb) 


(6  ®  6) 


H((XxY)  ,  (AxYuXxB)  (nra)) 

/K 


0 


H(C(K(X)  ^  ,K(A)  ^nb®C(K(Y)  ^K(B)  H(K(XxY)  ^nra] K (AxYuXxB)  (-nrab 


■V 


(v  e  v)* 


H(CK(X,  A)  ®  CK (Y ,  B) ) 

A 

8 


H(  (X ,  A)  x  (Y,  B)) 


HfX,  A)  ®  H(Y,  B) 
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The  exterior  product  x  is  by  definition  V*B.  By  naturality 
of  6,  the  top  rectangle  commutes.  By  (3.10)  and  (3.19)  6*  and 
(0  0  0)*  are  isomorphisms.  By  (3.28)  the  bottom  rectangle  com¬ 
mutes  . 

Take  x  e  H  (X^nL  A^)  and  y  e  H(Y^ra^,  B1 * * 4 S^) 
ptt*x(x  0  y)  =  v*e*TT*V*e(x  0  y) 

■  v*(v  0  v)*(e  0  e);1B(x  0  y) 

=  v*8(y  0  y)  (x  0  y)  by  (3.29) 


=  x(y  0  y)  (x  0  y) . 

Hence  pir*(x  x  y)  =  (px)  x  (py)  .  This  proves  lemma  (3.27). 


§ 4 .  The  fixed-point  index.  Homotopy  invariance. 

(4.1)  For  each  positive  integer  q,  select  a  generator  uj  for 
Hq(S^)  where  Sq  is  the  q-sphere.  Let  us  identify  Sq  with  ]Rq  U  {«>} 
and  let  0  denote  the  origin  of  ]Rq.  The  inclusion  j:  Sq  (Sq,  Sq  -  0) 

induces  an  isomorphism  on  reduced  homology  since  Sq  -  0  is  contracti¬ 
ble,  and  the  inclusion  k:  QRq ,  IRq  -  0)  -»■  (Sq,  Sq  -  0)  is  an  exci¬ 

sion.  Thus  k  H  (Sq)  ■+  H  QRq ,  3Rq  -  0)  is  an  isomorphism.  Let 

4  4 

0^  =  0q(IRq,  0)  denote  the  image  of  under  k  The  generator 

o  of  the  infinite  cyclic  group  H  QRq,  ]Rq  -  0)  is  called  the  fun- 

M  4 

damental  class  associated  with  Q0Rq ,  0). 

(4.3)  Whenever  K  is  a  compact  subset  of  an  open  subset  V  of  Rq, 
we  have  inclusions 


Sq  (Sq,  Sq  -  K)  (v,  V  -  K) 
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where  j  is  an  excision.  We  let  o  (V,  K)  denote  the  image  of  o# 

M. 

under  the  homomorphism  j^i*:  H^(Sq)  ->  H  (V,  V  -  K)  . 
is  the  fundamental  class  associated  with  (V,  K) . 


(4.4)  For  an  admissible  map,  the  difference  map  (i  -  f) ,  see 
(2.3),  maps  (V,  V  -  Kf)  into  (E^n^,  (E  -  0^n^)  where  E  =  Rq ,  V 
open  in  E,  and  Kf  is  the  fixed  point  set  of  f.  Consider  the 
composition 


Hq (v >  V- Kf ) 


(i-f) 


n 


Hq(E(n)  ,  (E-0)  (n))  y  tE’E~°)>  Hq(E,E-0), 


where  p  is  the  trace  defined  in  (3.12).  (Note  that  E  -  0  and  E 
are  CW  complexes.)  The  image  of  the  fundamental  class  °q(V,Kf) 
under  this  homorphism  is  an  integer  multiple  of  o^ ,  say  ao^  for 
some  a  c  Z.  Define  the  fixed-point -index  1(f)  =  a.  The  index 
is  independent  of  the  choice  of  orientation  6J  for  Sq.  1(f)  is 
an  integer,  and  in  case  n  =  1,  1(f)  agrees  with  the  classical  in¬ 
dex  for  single- valued  maps  as  given  by  Dold  (see  [1],  VII,  5.2). 

(4.5)  LEMMA.  If  the  admissible  map  f:  V  ->  E^n^  with  E  =  IRq  has 


no  fixed  points,  then  1(f)  =  0. 


PROOF.  If  Kf  =  <j>,  then  Hq(V,  V  -  Kf)  =  0. 


□ 


(4.6)  LEMMA.  Let  f ;  V  -»  E^n^  be  admissible  with  E  =  IRq  and  fixed 
point  set  Kf.  If  there  are  sets  K  and  W  with  K  compact,  W  open  in 
V,  and  Kf  c  K  c  W  c  V,  then  the  composition 


H  (W,W-K)  -(l'f)*->  H  (E(nL  (E  -  0)(nL  H  (E,  E  -  0) 

T  M  Q 

maps  o  (W,  K)  into  I(f)o  . 

H  H 
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This  lemma  asserts,  in  essense,  that  in  computing  1(f), 
may  be  replaced  by  a  larger  compact  set  and  V  replaced  by  a 
smaller  open  set. 


PROOF.  Consider  the  commutative  diagram  where  unmarked  arrows  are 
induced  by  inclusions. 


Hq(Sq,Sq-K)  <- 


H  (Sq) 

q 


Hq(Sq,Sq-Kf)  ^ 


Hq(W,W  -  K) 

\u-f)* 

Hq(E(n)  ,  (E-0)  Hq  (E ,  E-0) 

*  /(i-O* 

Hq (v ,V*Kf ) 


By  commutativity,  o  (W,  K)  | — >  o  (V,  Kd  and  also  p(i  -  f)*o  (W,  K)  = 

M.  H  M. 

u(i  -  £)  *oq  (V ,  Kf )  =  l(f)0q.  □ 

(4.7)  HOMOTOPY  INVARIANCE  THEOREM.  Let  f  be  a  homotopy  from  fQ 
to  f  ^ :  V  -►  E^n^,  where  V  is  open  in  E  =  1R^ ,  such  that  K  = 

is  compact.  Then  1  (f^)  =  I(f^). 

PROOF.  Define  G :  V  x  I  +  E^n^  by  G(x,  t)  =  (i  -  f  ) (x)  for 
(x,  t)  e  V  x  I,  (see  2.3).  G  is  the  composition 

V  x  I  Ax- -?->  V  x  V  x  I  -  .ixf.>  E  x  E  E^n^ 

where  A  is  the  diagonal,  i:  V  c  E,  and  D  is  defined  in  (2.2). 

Then  G  is  a  homotopy  from  i  •  f^  to  i  -  f^  as  maps  of  (V,  V  -  K) 
into  (E^n\  (E  -  0) (n)).  From  the  commutativity  of  the  diagram 
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Hq(V,  V  -  K) 


-v  H  (V,  V  -  K,  ) 


(i  -  f,) 


(n) 


(n) 


I(£0)oq  =  w(i  -  £0)*oq(V,  K)  =  g(i  -  f^.o^V,  K)  =  KfjJOq.  0 

(4.8)  DIAGONAL  PROPERTY.  If  f:  V  -  is  admissible,  with 

E  =  IR^ ,  and  d:  E^n-*  ♦  E^mn^  is  an  n-fold  diagonal,  d  =  d 


mn 

n 


as 


in  (1.7),  then  =  K^,  df  is  admissible,  and  I  (df )  =  ml(£). 

PROOF.  It  is  immediate  from  the  definition  of  diagonal  map  that 
Kdf  3  Since  f  is  admissible  •  Kdf  is  compact  and  df  is 

admissible. 

One  easily  checks  that 

d(i  -  f)  =  (i  -  df)  :  (V,  V  -  Kf)  -*•  (E^mn\  (E  -  0)  <-mnb  • 
Uisng  (3.13),  we  get  a  commutative  diagram 


(n) 


‘"I 


,(E 

mn 


0) (mn)) 


where  1  denotes  the  identity  isomorphism  of  H  (E,  E  -  0) . 


Hence 
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l(df)0q  =  pmn(i  -  df ) *oq (V ,  Kf) 

“  myn(i  -  f)*o  (V,  Kf) 

=  ml (f)oq.  □ 

§5.  The  Additivity  Properties.  The  first  additivity  prop¬ 
erty  expresses  the  local  nature  of  the  fixed  point  index  and  is 
a  direct  generalization  of  the  additivity  rule  for  single  valued 
functions . 

(5.1).  UNION  ADDITIVITY  PROPERTY.  Given  f:  V  -  E  ^  admissible, 
with  E  =  IR^ ,  where  V  =  and  each  is  open  in  E.  Assume 

that  the  fixed  point  set  1C  of  f | Vh  is  compact  for  each  i  and  that 
K.  f]  K.  =  <J>  whenever  i  f  j.  Then 

Kf)  =  Ii=1  Kflvp. 

PROOF.  Clearly  K£  =  ,K..  Since  V  is  Hausdorff  and  {K^,  ...,  Kj, 

is  a  finite  collection  of  compact  subsets  of  V,  we  can  find  open 

sets  (W,  ,  .  .  .  ,  W-,  }  so  that  K-  c  W.  c  V.  for  each  i  and  W.  0  W.  =  <p 
1  ’  *  k  l—i—i  i  jr 

for  i  f  j.  Let  W  =  W..  Then  f|W  and  f|W.  are  admissible 

J  i=l  l  1  1  l 

functions  and  thus  have  a  well  defined  index,  for  each  i.  Using 
(4.6),  we  obtain  1(f)  =  I (f | W)  and  I (f | V±)  =  I (f | W±)  for  all  i. 

Using  the  direct  sum  representations  induced  by  inclusions, 
we  get  a  commutative  diagram 
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H  (S<»)  - ^  H  (S<1,  -  Kf ) 

4 

Hq(W,  W  -  K£)  < — 

(i-f |W)* 

V 

H  (E^  ,  (E-0) 

H 

un(E,E-0) 

Hq(E,  E  -  0) 

It  follows  that 

Kf|W)oq  =  I^=1 1  (f  I  '^i)  °q  > 

and  hence 

1(f)  =  l\=1  I(f|V.).  □ 

A  second  type  of  additivity  applies  to  the  adjunction  operator 
of  (1.9). 

(5.2)  ADJUNCTION  ADDITIVITY  PROPERTY.  Given  admissible  maps 

(ni )  q  (n) 

f .  :  V  -►  E  ,  i  =  1 ,  ...,  k ,  with  E  =  IR^ ,  then  f ,  v  .  .  .  V  f  :  V  -*■  E  ^  J 

1  X  K 

-  j- 

is  admissible,  where  n  =  n,  +  ...  +  n,  ,  with  K.  r  U.-.K,-  , 

■1  1  ^  •  •  •  \/  I  ^ 

and  I(f1  v  ...  V  f^)  =  I(fp  +  ...  +  I  (f^)  . 

PROOF.  Since  adjunction  is  associative  it  is  sufficient  to  verify 

the  property  in  case  k  =  2;  the  general  case  will  follow  by  induc¬ 

tion  . 

One  proves  easily  that  =  Kf  U  .  Since  f^  and  f ^ 

12  1  2 

^  v£  is  the  union  of  two  compact  sets  and  is 
1  2 


@j=iVV  w3  -  V 

Ij  =  1(i  -  f|Wp, 


are  admissible,  K 
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therefore  compact.  One  checks  also  that 

(5.3)  i  -  (f£  v  f2)  =  (i  -  f£)  v  (i  -  f2)  :  (V,  V  -  K£  v£ 

X  2 

(E^n^  ,  (E  -  0) 


where  i:  V  c  E  and  n  =  n£  +  n2» 

Now  consider  the  (non- commutative)  diagram  in  which 

(»i)  (n,) 

are  the  first  and  second  projections  of  E  *  E  on 

dinate  spaces. 


VV’  V  -  K£lV£2) 


((i-f1)x(i-£  )), 


Hq(E 


(nj) 


(n7 )  (n, )  (n7) 

x  E  ,  (E  -  0)  x  (E  -  0)  ) 


(n) 


(n) 


n. 


y 


n 


Hq(E,  E  -  0) 

Note  that  p£°(i  -  f£)  *  (i  -  f2)  =  i  -  f£  and  p2°(i  " 

i  f  2  * 

By  definition  of  index  (4.4)  and  adjunction  (1.9), 
(5.3),  we  have 


I (f 1  v  £2)°q  =  ““(i  -  £!  V  f2)*oq(V,  X£  £  ) 


=  yn((i  -  fx)  v  (i  -  f2))*oq(V,  Kf  v£ 

X  2 


)  * 

p£  and  p2 
its  coor- 


(n2) 

(E-0)  ) 


)  X  (i  -  f2) 

and  by 


j 
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=  Una*((i  -  £,)  x  (i  -  f,))*o„(V,  K 
n,  n 


1'  ■■  y-  ’  ,T1vf2 


)• 


But 


by  (3.21),  u *  1 * * *p1*  +  y  zp2*  =  y  a*.  Hence  I ( f x  V  £2)o 


[yniPl*((i  -  f  )  x  (i  -  f  )),  ♦  y%2*((i  -  f  )  x  (i  -  f  ))*]o  (V,Kf  v£  ) 


1^2 


-  [y^U  -  £,)  *  ♦  yn2(i  -  f2)Joq(V, 


) 


=  [i  (fx)  +  nf2)]o{ 


Hence  I  (f  1  v  f  2)  =  I  (f^  +  I(f2).  □ 

(5.4)  COROLLARY.  Let  f :  V  E^  be  a  constant  map  with  constant 
value  [y^,  ...,  y  ],  V  open  in  E  =  ]R^ .  Then  £  is  admissible  and 
1(f)  is  the  number  of  values  of  i  for  which  y.  e  V. 


PROOF.  K_£  =  (y  ,  ...,  y^}  D  V  is  finite  and  hence  compact, 

f  =  f-^  v  ...  v  f  where  f  ^ :  V  -*•  E  is  the  (s  ingle -valued)  function 

with  constant  value  y^,  i  =  1,  ...,  n.  By  adjunction  additivity 
=  Ii=i  and  I (f^)  =  1  or  0,  depending  on  whether 

y^  c  V  or  not. 

§6.  The  Multiplicative  Property.  If  E  =  IR^  and  F  =  IRS , 
we  may  identify  E  x  F  with!R^  +  s.  Then 

i 

( (E  -  0)  x  F)  U  (H  x  (F  -  0))  =  E  x  F  -  0,  and 

(E,  E  -  0)  x  (F,  F  -  0)  =  (E  x  F,  E  x  F  -  0)  . 

It  follows  from  the  Kunneth  Theorem  (see  [1],  VII  2.6)  that  exterior 

homology  product  in  dimension  q  +  s 
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Hq(E,  E  -  0)  0  HS(F,  F  -  0)  ---■  ->  H  (E  x  F,  E  x  F  -  0) 
is  an  isomorphism.  Hence 


(6.1) 


O  x  O 
q  s 


±o 


q+s  ’ 


We  may  choose  the  orientation  so  that  the  plus  sign  prevails. 
More  generally,  it  can  be  proved  (see  [1],  VII  2.15)  that  if 
K,  K’  are  compact  subsets  of  sets  V,  V',  respectively,  where  V 
is  open  in  E  and  V'  is  open  in  F,  then 


(6.2)  oq(V,  K)  x  os(V',  K')  =  ±oq+s(V  *  V’ ,  K  *  K'), 

and  by  choosing  the  orientations  suitably  the  plus  sign  may  be 
used . 

(6.3)  MULTIPLICATIVE  PROPERTY.  Let  f:  V  -  E  ^  and  g:  W  -  F 

be  admissible  with  E  =  IR^  and  F  =  IRS .  Then  Tr(f  x  g)  :  V  -»  W 

(E  x  F)  (nir^  is  admissible  with  K  ,  r  >  =  Kr  x  K  and 
1  TT(fxg)  f  g 

I  (TT  (f  X  g))  =  1(f)  •  Kg). 


PROOF.  tt  Cf  x  g)(x>  y)  has  (x,  y)  as  a  coordinate  if  and  only  if 
x  is  a  coordinate  of  f  (x)  and  y  is  a  coordinate  of  g(y).  Hence 
^TT(fxg)  =  Kf  x  Kg,  which  is  compact,  and  so  tt  C  f  x  g)  is  admissible 
By  definition  of  index  (4.4)  of  tt  f  f  x  g)  ,  and  by  (6.2),  we 

have 


I  (w  (f  x  g))°q+s 


ynra(i  -  TT  Cf  x  g))*oq+s(V  X  W,  Kf  X  Kg) 
pnm(i  -  tt  (f  x  g)  )  *oq  (V ,  Kf )  x  os(W,  Kg)  , 


where  i:VxWcExF. 
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One  easily  verifies  that,  if  i ' :  V  c  E  and  i":  W  c  F, 
then  i  =  i*  x  i"  and  (i  -  tt  ( f  x  g))  =  tt  C  i  *  -  f)  x  (i"  -  g)  as 
indicated  in  the  commutative  diagram  of  space  pairs: 


(V,  V  -  Kf)  x 


(n) 


(W,  W  -  Kg ) 


(m) 


(nm) 


Hence  I  (tt  (f  x  g))oq+s  = 

C  Cl  *  -  f)  x  (i"  -  g))*Oq(V,  Kf)  X  os(W,  Kg) 

=  ynmTi*[(i'  -  f)*oq(V,  Kf)]  x  [  Ci”  -  g)*os(W,  Kg)] 

by  naturality  of  the  exterior  homology  product  (see  [1],  VII, 
2.7).  Now  (3.27)  applies  to  give  I  (tt  ( f  x  g)oq+s  = 

[yn(i-  -  £)  *oq  (V ,  Kf )  ]  x  [yim  Ci"  -  g)*°s(W,  Kg)] 

=  [I(f)Oq]  X  [I(g)Os]  =  I (f) • I (g)Oq  X  Os 

=  I (f ) • I (g)0  ,  the  last  equality  by  (6.1).  Hence 

q"*"  s 

I(*(f  x  8))  =  I(f)I(g).  □ 

i 

§7.  The  Lefschetz  Number.  We  show  in  this  section  that  the 
index  of  an  admissible  map  f :  V  -►  which  factors 

V  C — ^  E^n^,  where  P  is  a  compact  CW  complex  c  V, 

is  equal  to  the  Lefschetz  number  of  the  endomorphism 

y(h|K)*:  H (P ;  Q)  -  H(P(n);  Q)  -  H(P,  Q) 
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where  Q  is  the  field  of  rationals,  and  p  here  denotes  the  homo¬ 
morphism  on  rational  homology  induced  by  the  trace  homomorphism 
of  integral  homology. 

We  start  with  some  algebraic  preliminaries.  All  0-products 
and  Horn  are  over  Q.  Let  M  =  { M - } -  n  and  N  =  { N - } -  y  be  graded 
Q-modules,  then  Hom(M,  N)  denotes  the  graded  Q-module  where 


(7.1) 


Hom(M,  N)n  -  Hic2  HomQ(M.,  Ni+n) 


The  dual  module  M*  of  M  is  the  graded  Q-module  where 


(7.2) 


(M*)^  =  Homq(M_^,  Q) ,  for  i  c 


1. 


A  natural  homomorphism  (of  degree  0)  of  graded  Q-modules 
0  =  0^:  M*  0  N  Hom(M,  N)  is  defined  by  the  rule 


(7.3) 


(<J>  0  n)  ]  (m)  =  (- 1)  lm  I  I  n  I  (m)n ,  if  |  <J> 


=  -  I  m 


0 


,  if  |  <f>  |  i  "  I  m  | 


It  may  be  proven  (see  [1],  p.  208,  VII  6.3)  that  the  image 
of  0  consists  of  those  homomorphisms  8:  M  +  N  of  finite  rank, 
and  ©  is  a  nomomorphism  (since  Q  is  a  field). 

The  evaluation  homomorphism  e:  N*  0  N  -*■  Q  is  defined  by 

(7.4)  e(4>  0  n)  =  4>  (n)  ,  if  |  <J>  |  =  -|nl 

=  0  ,  if  |<J>|  t  -  |  n  |  , 


for  <£  €  N*,  n  e  N. 

(7.5)  For  an  endomorphism  8:  N  N  of  finite  rank,  the  Lef schet z 
number  A($)  is  defined  to  be  e©  ^(8)  €  Q. 
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It  can  be  shown  that  A($)  can  be  expressed  in  the  more 
familiar  form  of  alternating  sum  of  traces  of  endomorphisms , 
(see  [1] ,  p.  208  ,  VII,  6.4)  . 

(7.6)  THE  LEFSCHETZ  NUMBER  PROPERTY.  Given  f :  V  ->■  E^,  with 
V  open  in  E  =  IR^  ,  q  >  0,  n  >  0,  and  given  a  compact  CW  complex 
P  c  V  for  which  f  factors  f  =  i^n^h 

V  JlL>  p(n) 


with  i:  P  c  E.  Then  f  is  admissible,  p(hjP)*:  H(P;  Q)  -*■  H(P;  Q) 
has  finite  rank,  and  the  Lefschetz  number  A(p(h|P)*)  =  1(f). 


PROOF.  The  fixed  point  set  K£  is  closed  in  V  by  (1.12)  and  con¬ 
tained  in  P.  Hence  is  compact  and  f  is  admissible.  Further¬ 
more,  by  lemma  4.6,  1(f)  may  be  computed  by  replacing  (in  defini¬ 
tion  4.4)  the  fixed-point  set  by  the  larger  compact  set  P. 

Thus  o  (V,  K)  | - >  I (f)o  via  the  composition  in  the  top  line  of 

4  4 

the  diagram: 


(7.7)  H  (V, V- P ; Z) 
9 


(i-f) 


Hq(E(n)  ,  (E-0)  (n)  ;Z)  -iL.  Hq(E,E-0;Z) 


V 


Hq  (V, V- P  ;Q)  (i~f)  Hq  (E  ,  (E-O)  (n)  ;Q)  — ^  Hq  (E , E-0  ;Q)  . 


The  vertical  arrows  of  (7.7)  are  induced  by  inclusion  Z  Q ,  and 


the  diagram  commutes.  Let  o  (V,  K) 

Q 


o  e  H  (V,  V  -  P;  Q)  and 


o  | — =>  o  c  H  (E,  E  -  0;  Q)  via  vertical  arrows.  Then 

M  M. 

— >I(f)o  by  the  composition  of  the  bottom  line  of  (7.7). 
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For  the  remainder  of  the  proof,  H(  ,  )  will  denote  homology 
with  coefficients  in  the  rationals  Q.  The  Kunneth  formula  gives 
a  canonical  isomorphism  which  we  write  as  equality: 


H((X,  A)  x  (Y,  B))  =  H (X ,  A)  0  H (Y ,  B) 

for  all  (X,  A) ,  (Y ,  B)  . 

Let  D:  (V,  V  -  P)  x  p(n)  -  (E*^,  (E  -  0) 
and  D '  :  (V,  V  -  P)  x  P  +  (E,  E  -  0) 

be  the  difference  maps  defined  in  (2.3);  that  is, 


D’(x,  y)  =  x  -  y,  D(x,  [y1>  ...,  yn ] )  =  [x  -  y1,  ...,  x  -  yn] , 
for  x  e  V,  y  €  P.  Then  one  can  show  easily  that  D*  =  D*(l  0  p) 
in  the  diagram 


H(E^  ,  (E  -  0) 


V 


H  (E ,  E  -  0) 


A 


(7.8) 


D. 


d: 


H  (V,  V  -  P)  9  H(P(n))  — — - >  H  (V ,  V  -  P)  0  H  (P) 


Now  consider  the  following  diagram  whose  top  line  sends  o  into 
I(f)o. 


H (V ,  V  -  P)  ■  .L1..: f  )-*->  HCE(n^  ,  (E-0)  (n:))  UU  H(E,  E  -  0)  ~  q 


(7.9) 


D. 


H(V,V-P)8H(V)  — H(V,V-P)8H(P^nh  -9u  >  (HP)*  0  HP 


Here,  (HP)  is  the  dual  graded  module  of  HP  (see  7.2),  e  is  the 
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evaluation  (see  7.4),  Q  may  be  identified  with  H(E,  E  -  0)  = 

H  (E,  E  -  0)  via  1  «--*•  o,  and  for  any  x  e  H(V,  V  -  P) 

4 

D(X):  HP  Q  is  defined  by 

D(x)(y)  =  D*  (x  0  y)  if  |x|  +  |y|  =  q 
=  0  otherwise, 

for  y  c  HP.  The  left  square  of  (7.9)  commutes  by  definition 
of  D.  In  the  right  square, 

e(D  0  q) (x  0  y)  =  e(Dx  0  qy)  =  D(x)(qy) 

=  D;  (x  0  qy)  =  qD* (x  0  y)  , 

with  the  last  equality  obtained  by  (7.8).  Hence  (7.9)  is  commuta¬ 
tive  . 

(7.10)  Let  a  =  (D  0  q) (id  0  h*)A*o  e  (HP)*  0  HP. 

Let  t:Vxp+PxVbe  the  map  t (x ,  y)  =  (y,  x) .  Then  on 
homology,  t*:  HV  0  HP  +  HP  0  HV  satisfies  t*(x  0  y)  = 
(-i)lxHyl(y  e  x). 

(7.11)  Let  b  =  A*o  €  H (V ,  V  -  P)  0  HV. 

i 

Thus  (D  0  qh*) (b)  =  a. 

The  following  diagram  commutes: 
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HP 


(b®-) 

'P  ^ 

H(V,V-P)8HV@HP  --^9^d>  (HP) *@HP  ^n^@HP 


id@t 


H (V, V- P) 0HP0HV 


D®id®h* 


id@t 


V 


>  (HP) *®HP®HP 


(n)  id@id®}j 


>(HP)*0HP0HP 


(7.12) 

D;@id 

e®id 

> 

'  .  ' 

H (E , E-0) ®HV 


id®h 


4 - *  H(E,E-O)0Hp(n)  -1--Qp.>  H(E,E-0) 


e@id 


®HP 


1 

f  \t 

HV 


->  HP 


O) 


P 


->  HP 


The  vertical  isomorphisms  at  the  bottom  of  (7.12)  are  given 
by  c  0  z  | - ->  cz  for  c  e  H(E,  E  -  0)  =  H  (E,  E  -  0)  =  Q. 

4 

By  tracing  along  the  uppermost  edges  of  diagram  (7.12),  one 
verifies  that  the  composition  HP  -*•  HP  from  top  to  bottom  right 
in  (7.12)  is  the  homomorphism  ©(a). 

However  the  composition  of  homomorphism  along  the  left  edge 
of  diagram  (7.12)  is  precisely  i*  :  HP  HV  induced  by  inclusion 
i:  P  c  V  (see  [l],  VII,  6.13,  p.  210).  By  commutativity  of 
(7.12),  ©(a)=ph*i*.  Hence,  ph*i*  has  finite  rank  and 
a  =  ©  1 (yh^i^) .  By  commutativity  of  (7.9),  and  by  definition 
of  index 


p(i  "  f)*o  =  I  (f)o  =  e  (a)  o . 
Hence,  1(f)  =  e©  ^ph^i*)  =  A(p(h|P)*). 


□ 
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§8.  The  Commutativity  Property.  In  this  section,  we  study 
the  fixed-point  -  index  of  composite  maps  as  defined  in  (1.10). 

Under  certain  circumstances,  the  index  will  be  invariant  when 
the  order  of  application  of  two  symmetric  product  maps  is  reversed. 
First  we  present  some  preliminaries. 

(8.1)  Let  p:  Xn  -*•  be  the  identification  map  and 

p^ :  Xn  +  X  be  the  projection  on  the  first  coordinate.  If 
G  c  X^n^,  then  p-^p  ^  (G)  =  {y  e  X  |  y  is  a  coordinate  of  some 
element  in  G).  If  G  is  compact,  then  p  ^(G)  is  compact  (see 
[7],  p.  160,  Lemma  6.3)  and  hence  p^p  ^(G)  is  compact.  Thus 
p-^p  ^  becomes  a  correspondence  from  subsets  of  X^n^  to  subsets 
of  X  which  carries  compact  sets  to  compact  sets. 

(8.2)  Let  U  be  open  in  E  =  IR^ ,  q  >  0,  and  W  open  in  F  =  ]RS , 
s  >  0.  Let  f '  :  U  -►  F^n^  and  g  ’  :  W  E^m^  be  continuous  where 
n  >  0  and  m  >  0. 

Put  X  =  f  1W^n')  and  Y  =  g  ^  U^m^.  (We  assume  X  and  Y  are 
non-empty).  Then  f’  and  g'  defined  maps  f :  X  -*  and 

g:  Y  +  respectively,  by  f(x)  =  f'(x),  g(y)  =  g '  (y)  . 

The  compositions  f’*g:  Y  -*  F^nm^  and  g’*f:  X  ->  E^nm^  are 
defined  as  in  (1.8).  The  relevant  functions  may  be  displayed 
in  the  following  diagram: 
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where  the  d  maps  are  diagonals  as  defined  in  (1.7). 

f  4  4^i 

We  define  two  homotopies  G,  G  ’  :  X  x  Y  x  I  -*■  (E  *  F)  n  ' 
by  the  rules : 

2  2 

Gt(x,  y)  =  7r(A(tg'*fx,  (1  -  t)d™ngy),  d™  71  fx) 

(8.4)  1  2  2  m  n 

G^.(x,  y)  =  7r(d™  n  gy,  A(tf’*gy,  (1  -  t)d£nfx)) 


where  x  c  X,  y  €  Y,  0  £  t  £  1,  and  tt  is  the  product  map  of  (1.10) 
and  A  is  the  addition  map  of  (2.4). 


(8.5)  COMMUTATIVITY  THEOREM.  Let  f,  g,  G, 
in  (8 . 2)  and  (8.4).  If  U^jK^  and 


and  G '  be  as  described 


are  compact,  then 


f’*g  and  g'*f  are  admissible  and  I(f'*g)  =  I(g**f). 
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PROOF.  K~  is  closed  in  X  x  Y  by  (1.12)  and  is  a  subset  of 

Go 

the  compact  set  Ot£jK^  .  Hence  Gq  is  admissible,  and  is  given 
by 


G 


0 


2  2 

(x,  y)  =  ti(A(0,  d™ngy),  d™  n  £x) 


2  2  2  2 
m  .mn  ,m  n 


..mm 
tt  (dmri 
v  mn 

mn 

m 

gy, 

.  m  n  ~  . 
dn  fx) 

2 

2 

2  2 

/,m  n 
TT  (d 
^  m 

gy, 

dm 

n 

n  r  ^ 

fx) 

by  (8.4) 
by  (2.5) 


Furthermore  K.,  =  K  ,  r  x  Kr,  .  For,  (x, 

Gq  g’*f  f'*g 

2  2  2  2 

of  7i(d™  n  gy,  d™  n  fx)  if  and  only  if  x  is 

y  is  a  coordinate  of  fx.  Hence,  K  .  -  and 

7  g  *f 

and  g’*f  and  f’*g  are  admissible. 


y)  is  a  coordinate 

a  coordinate  of  gy  and 
Kf»*g  are  also  compact, 


3  3 

We  will  now  show  that  I(Gq)  =  m  n  I(g'*f).  The  compactness 
condition  of  the  homotopy  invariance  theorem  (4.7)  is  satisfied, 
so  we  get  I  (Gq)  =  I(G^).  Also, 

2  2 


(8.6) 


G^x,  y) 


7T  (A  (g  ’  *fx ,  0)  ,  d 


m  n 
n 


2  2  2  2 
/  j  m  n  *  /•  j  m  n 

7T  (d  g  '  *fx  ,  d 
v  mn  6  ’  n 


fx) 
fx)  . 


Now  choose  yn  €  Y  and  define  a  homotopy 

u  4  4 

L :  X  x  Y  x  I  -<■  (E  x  F)  n  ^  by 


2  2 
,m  n 


(8.7)  Lt(x,  y)  =  ir(d^“  g 1 *£x ,  A(td^ny0>  (1 


t)d™fx)) 


If  (x,  y)  is  a  coordinate  of  L^(x,  y)  for  some  t,  .then  x  €  K 


g 

and  y  is  an  element  of  the  convex  hull  N  of  { y ^ >  U  p^p  ^f(K  ,^£), 
(see  (8.2)).  N  is  the  convex  hull  of  a  compact  set  and  is  there¬ 
fore  compact.  Now  Ut£j  is  a  subset  of  the  compact  set 
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K  *  N.  By  (1.13),  Utcj  is  compact.  Using  homotopy 
invariance  (4.7)  again,  I(LQ)  =  I(L1).  From  (8.6)  and  (8.7) 
we  get 


2  2 

L0O,  y)  =  "(d^11  g'*fx,  A(0 ,  d^nfx) ) 


2  2  2  2 
/im  n  .  r  ,m  n  r 
=  7T  (d  g ' *fx ,  d  fx) 
v  mn  6  *  n  J 


=  G^x,  y) 


2  2 
,m  n 


(X ,  y)  =  ir(d“n“  g'*fx,  A(d"ny0>  0)) 

2  2  2  2 
rjm  n  •  ^  j  m  n. 

■  ’(dmn  8  *£x>  dl  ?<)>• 

2  2  2  2 

Hence  g'*f)  x  (d™  n  y  q  )  3  ,  see  (1.11).  The  constant 

map  y^:  Y  -►  E  has  index  I  (y^)  =  1  (see  (5.4)).  The  diagonal 

property  (4.8)  and  multiplicative  property  (6.3)  yield 

2  2  2  2 
I(L1}  =  I(dmn  g'*f)*I(d®  "  yQ) 

=  mnl  (g  '*£)  *  m  ^  •  1 . 


Hence 

(8.8)  I(Gq)  =  I(G1)  =  I(L0)  =  I(Lp  =  m3n3I(g'*f). 

3  2 

Similarly,  we  show  that  I  (Gq)  =  m  n  I(f'*g).  We  may  use 
the  homotopy  invariance  (4.7),  to  prove  that  I(Gq)  =  I(G-p,  and 
observe  from  (8.4)  that 

Gq  (x  ,  y)  =  ir(d™  n  gy,  A(0,  d™nfx) 

2  2  2  2 

f  j  ^  n  j  m  n  ^  \  j 

=  T(dm  gy,  dn  fx) ,  and 
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2  2 
,m  n 


by 


G{(x,  y)  =  iT(dm  gy,  A (f ' *gy ,  0)) 

2  2  2  2 
,jin  n  ,m  n  r.  * 

=  it  (d  gy,  d  f  ’  *gy )  . 

v  mn  67  ’  mn 


Choose  Xq  e  X.  Define  a  homotopy  L '  :  X  x  Y  x  I  (E  x  F) 


2  2 

Lpx,  y)  =  TT(A(td™x0,  (1  -  t)d™ngy),  d^n  f'*gy). 


One  shows,  in  analogy  with  the  corresponding  proof  for  the  homo¬ 
topy  L,  that  the  compactness  condition  of  (4.7)  is  satisfied  for 
L’.  Also 


Lo 


4 


Gi 


and 


*((d™2n2x0)  x  d™2n2f'*gy)) 


Hence 


(8.9) 


I  (Gq)  =  I  (Lq)  =  I(Lp 


=  m3n3I (£’*g) , 


the  last  equality  by  the  multiplicative  and  diagonal  properties. 
However,  Gq  =  Gq.  Therefore (8 . 8)  and  (8.9)  combine  to  give  the 
conclusion  I(f'*g)  =  I(g'*f). 


Charles  N.  Maxwell 


201 


REFERENCES 


[1]  A.  Dold.  Lectures  on  Algebraic  Topology.  Springer.  1972. 

[2]  K.  Lamotke,  Semisimpliziale  algebraische  Topologie.  Springer. 
1968. 

[3]  J.  Leray.  Theorie  des  points  fixes:  Indice  total  et  nombre 
de  LefschetT  Bull .  Soc .  Math  France,  87  (1959),  2  21  -  2  33 . 

[4]  J.  P.  May.  Simplicial  objects  in  Algebraic  Topology.  Van 
Nostrand  MatHT  Studies .  IT]  1967. 

[5]  J.  Milnor.  The  geometric  realization  of  a  semi-simplicial 
complex .  Ann~]  of  Math.  65(1957)  ,  3  5  7-362. 

[6]  E.  Spanier.  Algebraic  Topology.  McGraw-Hill.  1966. 

[7]  _ .  Infinite  Symmetric  Products,  Function  Spaces 

and  Duality.  Ann.  of  Math.  69,  1(1959),  142-180. 

[8]  R.  B.  Thompson,  A  unified  approach  to  local  and  global  fixed 
point  indices,  Adv .  in  Math.  (1969) ,  1-71. 


Southern  Illinois  University 
Carbondale,  Illinois 


202 


Transactions  of  The  Illinois  State  Academy  of  Science 


AN  HISTORICAL  REVIEW  OF  THE  KANKAKEE 
RIVER  BASIN  DEVELOPMENT 


Nani  G.  Bhowmik  and  Allen  P.  Bonini 
Illinois  State  Water  Survey,  Champaign,  Illinois 


ABSTRACT 

The  engineering  history  of  the  Kankakee  River  Basin  from  the  late  seven¬ 
teenth  century  to  the  present  time  is  explored.  Discussions  are  presented  on 
reclamation  of  the  marshy  areas  in  and  around  the  Kankakee  River  Grand  Marsh, 
transportation  systems  on  the  river,  construction  of  locks  and  dams,  marsh  usage 
as  recreational  and  hunting  grounds,  and  early  attempts  to  drain  the  marsh.  The 
channelization  of  the  main  marshy  areas  in  Indiana  in  the  early  part  of  the  twen¬ 
tieth  century,  which  resulted  in  the  shortening  of  the  river  from  250  miles  to  80 
miles  and  in  an  increase  in  the  gradient,  is  examined.  Various  other  attempts  that 
were  made  to  improve  the  drainage  of  the  Kankakee  basin  through  1980  and  the 
probable  ecological  concerns  are  also  discussed.  Finally,  conclusions  of  the  Illinois 
Kankakee  River  Basin  Task  Force  are  summarized. 

EARLY  HISTORY* 

The  first  Europeans  to  descend  the  Kankakee  River  were  the  French  explorers 
De  La  Salle  and  Father  Hennepin  in  December  1679.  The  river  they  found  looked 
far  different  from  the  one  that  exists  today.  Around  the  time  of  De  La  Salle’s  ex¬ 
pedition,  the  Kankakee  River  was  inhabited  by  the  Pottawatomi  Indians  who  call¬ 
ed  the  river  Ti-yar-ac-ke,  “wonderful  land.”  The  French  had  a  variety  of  names 
for  it,  including  The-a-ki-ki  and  Quin-que-que.  The  contemporary  name  for  the 
river,  Kankakee,  appears  to  be  an  English  version  of  this  later  French  word  (Pad- 
dock,  1883;  Houde  and  Klasey,  1968). 

The  French  point  of  entry  was  near  present  day  South  Bend,  Indiana.  From 
there,  down  to  what  is  now  Momence,  Illinois,  De  La  Salle’s  party  wound  its  way 
through  more  than  240  miles  of  a  marshy,  sandy  maze  of  meanders,  oxbows,  and 
sloughs  teeming  with  a  variety  of  wildlife.  This  area  would  later  become  known  as 
the  “Grand  Marsh.’’  Downstream,  below  a  limestone  outcropping  at  Momence, 
the  river  had  higher  gradient  and  probably  appeared  much  the  same  as  it  does  to¬ 
day.  The  present  plan  view  of  the  river  is  shown  in  figure  1. 

Soon  after  the  French  explorers  passed  along  the  Kankakee,  the  hunters, 
trappers,  and  traders  began  to  arrive.  These  were  the  first  white  men  to  inhabit 
the  area.  They  lived  a  life  similar  to  that  of  the  Pottawatomi,  spending  the  winter 
months  harvesting  some  of  the  tens  of  thousands  of  waterfowl  and  furbearing 
animals  that  inhabited  the  Grand  Marsh.  As  more  frontiersmen  began  to  establish 
themselves  in  the  Kankakee  basin,  it  became  apparent  that  there  would  no  longer 
be  a  place  for  the  Pottawatomi  Indians.  The  Federal  Government  formalized  this 
transition  through  the  treaties  of  1832  and  1836. 


*  Much  of  the  historical  information  presented  here  and  in  the  following  section  is  drawn  from  accounts 
by  Houde  and  Klasey  (1968),  Meyer  (1936)  and  Morrison  (1976). 
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Pioneer  settlers  began  to  arrive  during  the  early  part  of  the  1800s.  Their 
presence  began  to  establish  the  primary  features  along  the  Kankakee  River  as  we 
know  them  today.  Gurdon  Hubbard,  a  fur  trader  and  one  of  the  first  to  settle 
along  the  Kankakee  river,  established  a  trail  between  Chicago  and  Danville  that 
crossed  the  Kankakee  at  a  shallow  ford  about  one  mile  upstream  from  where 
Momence  is  now  located.  This  site  was  one  of  two  practical  places  to  cross  the 
river  at  that  time.  It  was  called  Upper  Crossing  or  Hill’s  Ford.  The  other  ford  site, 
located  about  a  mile  downstream,  was  called  Lower  Crossing.  The  two  became 
centers  for  traffic  joining  the  northern  and  southern  portions  of  the  basin. 

In  the  1840s  a  bridge  was  built  at  Upper  Crossing,  but  it  was  twice  destroyed 
by  ice  jams.  The  establishment  of  the  town  of  Momence  at  the  Lower  Crossing 
and  the  destruction  of  the  bridge  caused  the  Upper  Crossing  to  disappear. 

Momence  was  only  one  of  a  series  of  settlements  that  developed  along  the 
Kankakee  River  and  the  fringes  of  the  Grand  Marsh  in  the  early  1800s.  At  that 
time  they  were  rugged  pioneer  settlements  inhabited  by  people  who  adjusted  to 
the  restrictions  and  limitations  of  their  environment.  In  addition,  the  marsh  was 
home  to  the  frontier  trapper  and  hunter  as  well  as  a  hideout  for  counterfeiters, 
outlaws,  and  horse  thieves.  The  growth  of  these  communities,  along  with  the 
establishment  of  the  prairie  farmer,  would  have  an  irreversible  impact  upon  the 
river. 

By  the  mid- 1800s  a  distinct  metamorphosis  had  occured.  A  new  breed  of  in¬ 
dividual  was  becoming  a  dominant  force  in  the  area.  These  people  wanted  to  ex¬ 
ploit  the  lands  and  natural  resources  surrounding  the  Kankakee  river  and  marsh. 
They  were  the  logger,  the  sportsman,  the  stock  farmer,  and  any  others  who  could 
find  something  of  commercial  value  on  the  river  or  in  the  marsh. 

The  first  persons  to  utilize  the  Kankakee  River  were  those  that  valued  it  as  a 
source  of  power.  These  individuals  built  dams  and  mills  for  processing  grains  and 
cutting  timber.  Their  mills  were  usually  associated  with  the  settlements  along  the 
river. 

Long  before  the  pioneer  settlers  arrived,  the  Kankakee  River  had  been  used 
as  a  means  of  transportation.  The  advent  of  the  railroad  and  the  increasing  de¬ 
mand  for  an  inexpensive  means  of  transporting  raw  materials  to  the  marketplace 
made  riverboat  traffic  increasingly  popular.  There  were  flatboats,  sternwheelers, 
and  steamboats.  They  traveled  upstream  of  Momence  and  into  the  marsh,  carry¬ 
ing  sightseers,  hunters,  and  cargo.  They  traveled  downstream  to  Kankakee  and 
the  railroad,  or  down  to  the  Illinois  and  Michigan  Canal  and  to  Chicago  with 
their  barges  loaded  with  farm  products. 

The  Kankakee  Company,  formerly  known  as  the  Kankakee  and  Iroquois 
Navigation  and  Manufacturing  Company,  was  formed  around  1871  to  increase 
and  improve  riverboat  traffic  along  the  Kankakee  River.  It  proposed  to  open  the 
Kankakee  and  Iroquois  Rivers  to  boat  traffic  for  170  miles  (70  miles  in  Indiana). 
The  plan  called  for  building  a  series  of  locks  and  dams  that  would  create  a  slack 
water  navigational  channel  with  a  minimum  water  depth  of  5  feet  to  connect 
commercial  traffic  with  the  Illinois  and  Michigan  Canal  and  Chicago.  The  dams 
were  also  to  be  used  to  generate  water  power  (Kankakee  Company,  1871).  The 
only  part  of  the  river  where  this  plan  became  a  reality  was  a  33-mile  stretch 
upstream  from  the  confluence  with  the  Illinois  River.  Later,  most  of  these  locks 
and  dams  were  destroyed  and  never  replaced  (U.S.  House  of  Representatives, 
1916). 
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The  1870s  marked  the  arrival  of  another  business  dependent  upon  the  river 
for  its  product:  several  companies  were  organized  to  harvest  the  ice  that  formed 
on  the  river.  The  clear  waters  of  the  Kankakee,  combined  with  the  usually  cold 
winters,  created  a  layer  of  clear  ice  that  measured  as  much  as  18  inches  thick.  At 
times,  more  than  60,000  tons  of  this  ice  were  harvested  in  a  single  season. 

The  thick,  clear  ice  that  formed  every  winter  was  more  than  just  a  source  of 
profit  for  the  ice  companies.  Every  spring  it  became  a  potential  source  of  destruc¬ 
tion  and  economic  loss.  Ice  jams  and  flooding  were  common  occurrences  along  the 
Kankakee  River.  Early  settler  accounts  suggest  that  during  the  early  1830s 
flooding  that  occurred  near  the  city  of  Kankakee  sent  flood  waters  out  to  the  lower 
end  of  the  area  where  the  downtown  is  now  located.  A  series  of  severe  floods  oc¬ 
curred  in  the  1850s,  causing  some  flood  stages  to  rise  18  to  20  feet  above  the  low 
water  level  near  the  mouth  of  the  river  (U.S.  House  of  Representatives,  1931).  In 
addition,  there  are  records  that  indicate  that  a  series  of  ice  jams  and  floods  occur¬ 
red  between  1860  and  1890  that  damaged  or  destroyed  several  bridges  and 
buildings  on  the  Kankakee  and  twice  flooded  the  town  of  Momence  in  two  feet  of 
water. 

The  Grand  Marsh  created  its  own  history.  By  the  1880s  its  reputation  as  a 
“hunter’s  paradise”  had  spread  to  the  East  Coast  and  beyond.  Presidents  Grover 
Cleveland  and  Theodore  Roosevelt  hunted  in  the  Grand  Marsh.  There  was 
enough  interest  in  the  area  to  cause  sportsmen’s  clubs  from  New  York,  Boston, 
Philadelphia,  Washington,  and  Chicago  to  build  hunting  lodges  there  for  their 
wealthy  members.  The  tens  of  thousands  of  waterfowl  and  other  forms  of  wildlife 
were  also  harvested  for  the  commercial  markets  of  Chicago  and  New  York 
(Mahoney,  1978). 


ENGINEERING  EFFECTS 

Although  people  had  been  using  the  Kankakee  River  throughout  the  1800s, 
nothing  had  as  great  and  irreversible  an  impact  upon  it  as  did  the  efforts  of  those 
who  wanted  to  drain  the  lowlands  and  the  Grand  Marsh. 

The  Grand  Marsh  was  a  distinct  and  natural  ecosystem.  An  account  of  the 
area  by  Meyer  (1936)  describes  it  best: 

Marsh  prairies  of  aquatic  sedges  and  grasses,  grazing  areas;  wild 
rice  sloughs,  scenes  of  countless  wild  geese  and  ducks;  flag  ponds,  lined 
with  muskrat  homes;  a  narrow  but  almost  uninterrupted  swamp  forest, 
full  of  game,  rimming  a  meandering  river  teeming  with  fish;  wet 
prairies  made  humanly  habitable  by  the  interspersion  of  sandy  island 
oak  barrens,  many  of  them  surmounting  the  highest  flood  waters — such 
was  the  general  physical  set-up  of  the  “natural”  Kankakee. 

Before  channelization  the  Grand  Marsh  encompassed  approximately  400,000 
acres  and  ranged  from  3  to  5  miles  in  width  with  a  water  depth  of  from  1  to  4  feet 
for  eight  or  nine  months  of  the  year.  The  marsh  plane  was  only  about  85  miles 
long,  but  the  river  course  was  about  250  miles  in  length  with  an  average  slope  of  5 
to  6  inches  per  mile.  The  nature  of  the  marsh  caused  the  Kankakee  River  to  alter 
its  course  continuously,  resulting  in  the  formation  of  a  variety  of  meanders,  oxbow 
lakes,  sloughs,  and  bayous  (Meyer,  1936;  U.S.  Department  of  Agriculture,  1909). 
Figure  2  shows  the  nature  of  the  Grand  Marsh  before  channelization. 
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Attempts  to  drain  these  lands  for  improved  agricultural  use  took  many  forms. 
The  early  pioneer  farmers  drained  small  portions  of  the  land  by  digging  ditches, 
first  by  hand  and  later  with  the  help  of  oxen  and  horses.  One  of  the  earliest 
organized  efforts  to  drain  swampland  was  attempted  in  1853  by  the  State  of  In¬ 
diana.  Their  goal  was  to  drain  the  5  by  7  mile  Beaver  Lake,  which  was  south  of 
the  Kankakee  River.  The  ditch  they  constructed  to  the  river  was  not  very  suc¬ 
cessful  in  draining  the  lake,  which  receded  only  100  feet  from  its  original  shore.  In 
1874  this  same  ditch  was  deepened  by  a  wealthy  landowner  named  Lemuel  Milk, 
who  succeeded  in  reducing  the  lake  area  by  only  0.25  square  mile. 

During  the  1860s  the  Illinois  Central  Railroad  tried  to  drain  portions  of  its 
land  that  were  in  swampy  areas,  again  with  very  little  success.  There  appeared  to 
be  two  factors  limiting  the  successful  drainage  of  the  lands.  First  was  the  lack  of 
proper  equipment  for  the  effective  and  efficient  digging  of  drainage  ditches. 
Closely  related  to  this  were  the  prohibitive  costs  of  drainage  work,  due  to  inade¬ 
quate  technologies. 

By  the  mid- 1880s  legislation  that  provided  for  the  formation  of  drainage 
districts  had  been  enacted.  These  districts  were  given  the  power  to  levy  taxes  for 
the  financing  of  drainage  work.  The  invention  of  the  steam  dredge,  which  allow¬ 
ed  the  digging  of  deep,  wide  drainage  ditches,  also  helped  overcome  the  previous 
obstacles  to  draining  the  lands.  In  Illinois  and  Indiana,  most  of  the  drainage  work 
could  then  be  done  under  the  authority  of  the  various  drainage  districts.  In  1866, 
Singleton  Ditch  in  Indiana  (figure  1)  became  one  of  the  first  to  be  constructed 
under  this  new  authority.  Ackerman,  Hayden,  and  Brown  ditches  were  also  built 
around  that  time  (Division  of  Waterways,  1954). 

Again,  this  drainage  work  was  only  partially  successful  in  reclaiming  the 
swamplands.  It  was  thought  that  the  key  to  adequate  drainage  was  the  lowering 
or  removal  of  the  limestone  rock  ledge  near  Momence,  Illinois. 

In  1878  and  1879  the  U.  S.  Army  Corps  of  Engineers  conducted  a  survey  of 
the  Kankakee  River  to  analyze  the  possible  improvement  of  the  river  for  naviga¬ 
tion.  This  work  was  reported  by  Major  Jared  A.  Smith,  Corps  of  Engineers  (U.  S. 
House  of  Representatives,  1879;  U.  S.  Senate,  1880).  In  reporting  his  findings, 
Smith  made  reference  to  two  points  of  interest.  In  his  first  report  (U.  S.  House  of 
Representatives,  1879)  he  stated  that  the  water  was  so  clear  that  he  was  able  to  see 
fish  swimming  in  the  stream  “as  well  as  minute  objects  on  the  bottom  in  a  depth  of 
5  feet.  .  He  also  commented  that  although  the  rock  ledge  near  Momence  was 
considered  “a  great  obstacle  to  the  drainage  of  the  lands  in  Indiana,”  he  believed 
that  due  to  the  greater  than  average  slope  of  the  river  for  several  miles  above  the 
rock  ledge,  the  removal  of  this  ledge  “would  accomplish  little  or  nothing  for  the 
drainage  of  lands  so  far  above.  .  .” 

Major  Smith's  second  report  (U.  S.  Senate,  1880)  seemed  to  favor  the  con¬ 
struction  of  a  navigation  channel  to  Momence.  He  indicated  that  there  were 
several  strong  objections  to  that  idea  as  well  as  to  the  idea  of  rebuilding  the  dams 
at  Momence  for  the  navigation  project. 

In  1882  the  Indiana  Legislature  directed  Professor  John  L.  Campbell  to 
survey  the  Kankakee  Valley  from  its  source  down  to  Momence  to  determine  an  ef¬ 
fective  method  of  draining  the  marsh  lands.  Campbell  suggested  the  following 
plan  (U.  S.  House  of  Representatives,  1916). 
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First,  the  construction  of  a  better  main  channel  than  now  exists  for  the 
flow  of  the  river;  second,  the  straightening  and  deepening  of  the  beds  of 
the  streams  emptying  into  the  main  stream;  and  third,  the  digging  of  a 
large  number  of  lateral  ditches  through  the  swamps  to  the  improved 
channels. 

In  1889  and  1891,  the  State  of  Indiana,  convinced  that  the  rock  ledge  was  the 
key  to  their  drainage  problems,  appropriated  a  total  of  $65,000  for  the  widening 
and  deepening  of  the  channel  near  Momence.  This  work,  done  in  1893,  created  a 
channel  8,  649  feet  long,  300  feet  wide,  and  21/s  feet  deep,  and  required  the 
removal  of  66,447  cubic  yards  of  rock  (U.  S.  Department  of  Agriculture,  1909;  U. 
S.  House  of  Representatives,  1916  and  1931). 

Upon  completion  of  the  work  at  Momence,  various  public  and  private  groups 
began  to  channelize  the  main  river  along  its  uppermost  reaches.  By  1906,  46  miles 
of  the  main  channel  had  been  straightened,  from  its  source  near  South  Bend  to  the 
west  end  of  Starke  County.  The  work  was  organized  in  the  following  manner:  the 
first  7  miles  were  built  by  private  landowners  without  the  help  of  the  Indiana 
drainage  laws;  the  next  section,  Miller  Ditch,  was  7.75  miles  in  length;  the  third 
section,  5.5  miles  long,  was  constructed  by  the  Kankakee  Improvement  Com¬ 
pany;  the  fourth  section  9.1  miles  long,  was  called  the  Place  Ditch;  the  fifth  sec¬ 
tion,  constructed  by  the  Kankakee  River  Reclamation  Company,  was  16.7  miles 
long  (figure  3) .  The  channel  had  a  bottom  width  of  8  feet  at  the  upper  end  and  50 
feet  at  the  lower  end  (U.S.  Department  of  Agriculture,  1909;  U.S.  House  of 
Representatives,  1916  and  1931). 

The  U.S.  Army  Corps  of  Engineers  (U.S.  House  of  Representatives,  1916) 
reported  that  the  work  done  on  the  upper  portion  of  the  Kankakee  River  failed  to 
accomplish  its  goals  adequately  and  that  it  created  some  new  problems 
downstream  of  the  work.  The  Corps  suggested  that  1)  the  design  and  implementa¬ 
tion  lacked  a  comprehensive  plan  and  the  cooperation  of  the  interested  parties,  2) 
the  resultant  successful  drainage  of  about  one-third  of  the  acreage  did  not 
necessarily  justify  the  amount  spent,  and  3)  the  improved  channel  increased  the 
rate  of  runoff  so  as  to  cause  problems  of  increased  discharge  and  flooding 
downstream  of  the  drainage  works  (also  USDA,  1909). 

It  soon  became  apparent  that  the  only  solution  to  the  newly  created  pro¬ 
blems  downstream  was  to  continue  the  straightening  of  the  river.  This,  along  with 
lateral  ditch  construction,  was  expected  to  reclaim  more  lands  for  productive  use. 

As  reported  in  1916  (U.  S.  House  of  Representives) ,  the  U.S.  Army  Corps  of 
Engineers  concluded  that  the  cooperation  of  the  United  States  in  planned  im¬ 
provements  of  the  Kankakee  River  for  drainage  and  flood  protection  could  not  be 
justified  in  terms  of  the  benefits  to  navigation.  They  did,  however,  discuss  various 
plans  to  improve  drainage  of  the  remainder  of  the  upper  valley.  The  Corps  refer¬ 
red  to  the  three  plans  for  improvement  cited  in  U.S.  Department  of  Agriculture 
Circular  80  (1909).  They  agreed  that  the  third  plan,  as  detailed  by  the  USDA,  was 
the  most  favorable.  This  plan  called  for  the  straightening  and  enlarging  of  the  pre¬ 
sent  channel  from  the  confluence  of  the  Yellow  River  to  the  rock  ledge  at 
Momence,  without  the  construction  of  levees  to  assist  in  the  control  of  flow.  The 
Corps  also  recommended  an  extensive  survey  of  the  area  to  determine  the  cost  and 
exact  design  of  the  channel.  In  addition  to  making  this  proposal,  the  Corps  stated 
its  opinion  that  a  comprehensive,  coordinated  plan  would  need  to  be  devised  for 
this  project  to  accomplish  its  goals. 
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It  was  noted  in  the  Corps’  report  that  the  work  had  already  begun  in  the 
area.  Marble  Ditch  was  being  constructed  from  the  west  line  of  Starke  County  to 
an  area  about  7  miles  east  of  the  Illinois-Indiana  state  line.  This  channel  was  to 
follow  the  line  recommended  by  USDA  Circular  80  (1909)  and  would  result  in  the 
straightening  and  deepening  of  the  river.  A  continuation  of  Marble  Ditch  had 
been  proposed  to  carry  the  channelized  flow  to  the  state  line.  The  only  work  plan¬ 
ned  for  downstream  from  the  state  line  was  the  removal  of  more  of  the  Momence 
rock  ledge. 

It  was  on  this  last  part  of  the  plan  that  the  Corps  received  the  most  input 
from  private  landowners.  Most  of  them  believed  that  the  removal  of  the  ledge  at 
Momence  was  important.  The  approval  and  cooperation  of  the  State  of  Illinois 
was  required,  but  Illinois  was  not  receptive.  It  was  hoped  that  the  Federal 
Government  would  become  involved  for  the  purpose  of  improving  navigation  and 
would  use  its  authority  to  remove  the  rock  ledge,  but,  as  has  been  noted,  the 
United  States  declined  to  participate. 

In  Indiana,  the  channelization  went  ahead  as  planned  and  was  completed  in 
1917.  The  old  channel,  250  miles  of  meandering  river,  had  been  replaced  by  a 
straightened,  deepened  channel  82  miles  long,  extending  from  near  South  Bend  to 
the  Illinois  state  line  (figure  3  and  4).  Below  this  point,  except  for  the  work  done  at 
the  rock  ledge  at  Momence  in  1893,  the  river  remained  in  its  natural  form.  In  In¬ 
diana,  the  average  slope  of  the  river  had  been  changed  from  0.45  foot  per  mile  to 
0.83  foot  per  mile.  The  improved  drainage  affected  neary  400,000  acres  of  swamp 
and  600,000  acres  of  marginal  land  at  a  cost  of  about  $1.2  million  (U.S.  House  of 
Representatives,  1916  and  1931). 

The  Grand  Marsh  had  finally  been  “reclaimed.”  However,  the  accomplish¬ 
ment  was  not  greeted  with  enthusiasm  by  everyone.  There  was  concern  in  Illinois 
about  the  impact  of  the  change  on  the  downstream  reaches  of  the  river.  For  years 
many  have  questioned  the  wisdom  of  destroying  this  vast  natural  ecosystem.  As 
early  as  1920,  this  was  pointed  out  when  Reed  (1920)  wrote: 

Fields  of  corn  and  wheat  stretch  over  the  reclaimed  acres,  for  the 
utilitarian  has  triumphed  over  beauty  and  nature’s  providence  for  his 
wild  creatures.  The  destruction  of  one  of  the  most  valuable  bird  refuges 
on  the  continent  has  almost  been  completed,  for  the  sake  of  immediate 
wealth.  The  realization  of  this  great  economic  wrong  must  be  left  to 
future  generations. 

Soon  after  the  channelization  was  completed,  it  became  apparent  that  the 
drainage  problem  had  not  been  completely  solved.  Severe  flooding  still  occurred 
east  of  the  Momence  rock  ledge,  and  the  removal  of  additional  rock  was  discussed. 
In  1927  the  Momence  and  Yellowhead  Drainage  District  removed  boulders  that 
obstructed  flow  from  an  area  just  upstream  of  the  rock  ledge  (U.S.  Army  Corps  of 
Engineers,  1979).  This  was  the  only  work  done  on  the  main  channel.  The  focus  of 
the  work  in  the  Kankakee  basin  after  the  channelization  of  1917  was  directed 
toward  the  construction  of  levees  to  contain  the  flood  water  and  toward  the  im¬ 
provement  of  lateral  ditches  for  increased  drainage  (U.  S.  Army  Corps  of 
Engineers,  1979). 

There  was  one  study  done  by  the  Corps  of  Engineers  in  1931  that  focused  its 
attention  on  the  main  channel.  The  purpose  of  this  study  (U.S.  House  of  Represen¬ 
tatives,  1931)  was  to  assess  the  benefits  of  any  additional  work  done  on  the  river 
for  improving  navigation,  flood  control,  power  development,  and  irrigation.  The 
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Corps  concluded  that  the  Federal  Government  could  not  justify  its  involvement  in 
terms  of  making  improvements  to  benefit  the  areas  reviewed. 

The  Corps  did  make  recommendations  for  anyone  interested  in  controlling 
floods,  reclaiming  marshlands,  and  improving  drainage.  They  first  noted  that 
most  of  the  drainage  and  severe  flood  problems  occurred  upstream  of  Momence. 
The  suggested  improvements  included:  the  rebuilding  or  lengthening  of  14  bridges 
in  Indiana  that  obstructed  flow  in  the  main  channel  and  the  floodplain,  the  con¬ 
struction  of  levees  in  Indiana  between  Shelby  Bridge  and  Baums  Bridge,  the 
enlarging  of  the  channel  through  Momence  and  the  rock  ledge,  and  the  enlarging 
and  improving  of  the  main  channel  for  58  miles  upstream  of  Momence  in  order  to 
benefit  land  in  Indiana.  The  Corps  noted  that  the  last  two  improvements  would 
need  to  be  done  in  combination  or  the  desired  beneficial  effect  of  improved 
drainage  would  not  be  achieved  (U.  S.  House  of  Representatives,  1931). 

The  analysis  of  the  proposed  improvements  did  not  discuss  the  potential  im¬ 
pact,  if  any,  upon  the  lower  reaches  of  the  river.  The  Corps  did  point  out  that  the 
previous  channelization  in  Indiana  had  increased  the  flow  so  that  sand  and  silt 
were  being  carried  downstream  into  Illinois,  depositing  among  trees,  and  creating 
numerous  sand  bars  in  the  river  bed.  The  straightened  channel  in  Indiana  had  lit¬ 
tle  effect  below  Momence  because  of  the  increased  slope  downstream  (U,  S.  House 
of  Representives,  1931). 

There  appears  to  have  been  continued  interest  in  the  Kankakee  River  in  the 
mid-1990s.  In  1941,  the  Corps  of  Engineers  conducted  a  study  (U.S.  Army  Corps 
of  Engineers,  1941)  that  reviewed  the  improvements  that  would  be  necessary  to 
control  flooding  along  the  Kankakee  River.  These  improvements  included  lower¬ 
ing  the  rock  ledge  at  Momence,  constructing  a  movable  dam  to  maintain  low  flow 
levels,  cleaning  the  river  of  sand  bars,  opening  the  outlets  of  sloughs,  and  enlarg¬ 
ing  and  straightening  portions  of  the  river  from  Momence  to  the  state  line. 

The  Corps  analyzed  these  proposed  improvements  and  concluded  that  the 
work  should  not  be  done.  It  was  estimated  that  the  costs  far  exceeded  any  possible 
benefits. 

While  making  their  assessment,  the  Corps  made  note  of  two  points  of  in¬ 
terest.  First,  large  quantities  of  sand  had  been  deposited  between  the  state  line 
and  Momence  due  to  channel  erosion  upstream.  The  increased  silting  had  reduced 
low  flow  depths  to  less  than  1  foot  between  the  state  line  and  Momence.  However, 
the  rate  of  siltation  below  the  state  line  had  since  decreased.  This,  according  to  the 
Corps,  indicated  that  the  straightened  channel  in  Indiana  was  stabilizing  (U.S. 
Army  Corps  of  Engineers,  1941). 

In  addition,  the  report  noted  that  the  removal  of  the  rock  ledge  at  Momemce 
could  have  an  adverse  effect  upon  the  river  by  increasing  siltation  downstream, 
although  no  important  damage  was  likely  to  occur.  The  Corps’  unfavorable 
review  resulted  in  the  abandonment  of  the  proposed  improvements. 

In  1947,  the  Illinois  Department  of  Transportation,  Division  of  Water 
Resources,  investigated  the  possibility  of  replacing  the  collapsed  dam  at  Aroma 
Park  to  restore  the  recreational  channel  up  to  Momence  (Kankakee  River  Basin 
Task  Force,  1978).  This  plan  was  never  implemented. 

In  1955,  a  move  was  also  under  way  in  Illinois  to  form  the  Momence  Conser¬ 
vancy  District  with  the  power  to  levy  taxes  and  protect  the  river.  Plans  were  made 
to  remove  some  of  the  sand  from  the  river,  but  this  goal  was  never  realized 
because  of  lack  of  interest  and  funds.  Through  the  mid-1960s  there  appears  to  be 
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no  record  of  any  major  studies  to  reduce  flooding  or  improve  drainage  along  the 
main  channel. 

In  1967,  the  Illinois  Department  of  Public  Works  and  Buildings,  Division  of 
Waterways,  published  a  comprehensive  report  on  the  Kankakee  River  Basin  in  Il¬ 
linois  (Division  of  Waterways,  1967).  This  study  reviewed  several  areas,  including 
water  supply,  water-oriented  recreation,  water  quality  control,  flood  damage 
control,  and  agricultural  drainage. 

General  recommendations  and  conclusions  were  made  for  all  the  areas 
reviewed.  In  particular,  it  was  suggested  that  the  rock  ledge  through  Momence  be 
lowered,  which  would  serve  two  purposes:  1)  it  would  increase  the  length  of  the 
recreational  waterway,  and  2)  the  excavated  channel  would  improve  drainage 
and  reduce  flooding  upstream  of  Momence.  It  was  noted  that  the  channel  work 
could  not  be  economically  justified  for  the  purpose  of  improved  drainage  and 
flood  control. 

The  study  also  recommended  that  a  lock  and  dam  be  constructed  just 
upstream  of  the  confluence  of  Yellowhead-Singleton  Ditch.  The  purpose  of  this 
dam  was  to  maintain  the  water  level  up  to  the  state  line  at  the  same  level  as  that 
before  any  excavation  had  occurred  downstream  (Division  of  Waterways,  1967). 
Conservation  and  environmental  groups  strongly  objected  to  these  proposals,  and 
the  project  was  subsequently  dropped  from  consideration  (Kankakee  River  Basin 
Task  Force,  1978). 

By  the  mid-1970s  attention  was  again  focused  on  the  Kankakee  River  and  the 
drainage  of  its  surrounding  lands.  The  Indiana  Department  of  Natural  Resources, 
in  cooperation  with  the  U.S.  Soil  Conservation  Service,  published  a  report  on  the 
Kankakee  River  Basin  in  1976  (Indiana  Department  of  Natural  Resources,  1976). 
The  report  identified  the  problems  and  needs  of  the  basin,  including  land  use  and 
management  for  agriculture,  flooding,  soil  erosion,  adequate  drainage  systems, 
increased  land-based  recreational  opportunities,  and  protection  and  maintenance 
of  natural  water  areas  and  prime  wetlands. 

Five  alternative  solutions  were  developed  and  presented.  None  of  these  alter¬ 
native  plans  received  the  consensus  approval  of  the  public.  A  combination  of  the 
various  plans  was  formulated  and  presented  as  the  “Suggested  Plan,”  which  con¬ 
tained  15  elements,  including  the  following  recommendations  (from  Indiana 
Department  of  Natural  Resources,  1976): 

Channel  work  on  26  miles  of  the  Kankakee  River  from  Indiana  Route  223  in 
St.  Joseph  County  to  U.S.  Route  30,  and  49  miles  of  wide  levees  (with  no  channel 
work)  along  the  Kankakee  River  from  U.S.  Route  30  to  U.S.  Route  41,  for  flood 
prevention  and  drainage. 

Channel  work  on  13  selected  tributaries  of  the  Kankakee  River  in  Indiana  for 
flood  prevention  and  drainage. 

Accelerated  land  treatment  program,  which  includes  installation  of  conser¬ 
vation  measures  to  reduce  and  adequately  treat  426,400  acres. 

Accelerated  land  treatment  program,  which  includes  installations  of  on-farm 
resource  management  systems  to  adequately  treat  247,500  acres  of  cropland  for 
drainage. 

Change  of  about  12,650  acres  of  erosion  and  drought  hazard  cropland  to 
non-cropland  for  reduction  of  erosion  and  sedimentation,  and  for  adequate  treat¬ 
ment  of  land  within  its  capability  (in  addition  to  the  land  treatment  program). 
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Protection  of  about  5,000  acres  of  existing  classified  wetland. 

Amendment  or  adoption  of  flood  plan  zoning  ordinances,  building  codes, 
and  similar  regulations  for  all  identified  flood  prone  areas  in  the  basin,  and 
allowance  of  eligibility  for  flood  insurance. 

In  1977,  in  response  to  continued  flooding  problems  on  the  Kankakee  River, 
the  Indiana  General  Assembly  created  a  24-member  Kankakee  River  Basin  Com¬ 
mission  to  coordinate  a  comprehensive  development  plan  for  the  basin.  This  com¬ 
mission  was  given  a  small  operating  budget  and  had  no  authority  to  implement  its 
plan  (Kankakee  River  Basin  Task  Force,  1978).  The  commission  relied  upon  the 
Indiana  report  of  1976,  and  in  particular  used  the  “Suggested  Plan”  as  a  basis  for 
formulating  its  plan  (U.S.  Army  Corps  of  Engineers,  1979;  Mahoney,  1978). 

Increased  public  concern  in  Illinois  over  the  impact  of  the  proposed  work  in 
Indiana,  as  well  as  the  creation  of  the  commission  in  Indiana,  prompted  Illinois 
Governor  James  R.  Thompson  to  appoint  the  Illinois  Kankakee  River  Basin  Task 
Force  in  June  1977  (Kankakee  River  Basin  Task  Force,  1978). 

The  Illinois  Task  Force  conducted  public  hearings  to  collect  information 
from  the  residents  of  the  basin  and  reported  its  findings  and  recommendations 
based  on  input  from  the  hearings  and  technical  information  received  from  various 
state  agencies  (Kankakee  River  Basin  Task  Force,  1978). 

In  general,  the  Task  Force  recommended  that  the  State  of  Illinois  “maintain 
the  Kankakee  River  as  a  low  density  recreation  and  scenic  river”  by  keeping  it  “in 
the  most  natural  condition  possible.”  The  Task  Force  believed  that  Indiana’s  plan 
to  manage  the  basin  for  improved  agricultural  drainage  was  in  conflict  with  the 
policy  goals  of  Illinois.  The  Task  Force  also  warned  that  a  cautious  approach  must 
be  taken  in  any  plans  to  modify  the  Kankakee  River  in  Illinois  physically,  due  to 
the  limited  amount  of  information  available. 

The  Task  Force  made  recommendations  in  10  areas  of  interest,  including 
sediment  and  sedimentation  in  the  Kankakee,  River  Basin,  water  quality, 
flooding  and  flood  control,  natural  areas,  and  outdoor  recreation.  The  first  area, 
sediment  and  sedimentation,  was  of  major  concern  to  the  citizens  of  the  Kankakee 
River  Basin.  There  was  special  concern  about  the  present  and  future  impact  of 
sediment  in  the  Kankakee  River  and  about  the  effect  of  proposed  work  in  Indiana 
on  this  problem. 

The  Task  Force  noted  that  there  was  a  question  of  the  magnitude  and  source 
of  the  sediment  problem  in  Illinois  and  that  there  was  a  need  to  better  understand 
the  mechanism  of  sediment  transport  in  the  Kankakee  River  Basin.  The  Task 
Force  recommended  that  “the  Illinois  State  Water  Survey  begin  immediately  to 
monitor  sediment  and  bed  load  movement  at  the  state  line  and  elsewhere  in  the 
Basin.” 

The  Task  Force  also  recommended  that  the  State  Water  Survey  analyze  the 
monitoring  data  and  the  hydrology  of  the  Kankakee  River  system  and  “suggest 
alternative  remedial  strategies.”  Finally,  the  Task  Force  suggested  that  the  State 
Water  Survey  receive  input  from  citizens  of  the  Kankakee  Basin  while  making  its 
investigation. 

In  summer  1978,  the  then  Illinois  Institute  for  Environmental  Quality,  which 
is  presently  within  the  Illinois  Department  of  Energy  and  Natural  Resources, 
funded  the  State  Water  Survey  for  a  2-year  research  project  on  the  Kankakee 
River.  It  was  postulated  that  basic  data  would  be  collected  for  a  period  of  one  year 
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and  that  these  data  would  then  be  analyzed  and  the  results  reported  to  the  public. 
This  report  has  been  published  (Bhowmik  et  al.,  1980)  and  includes  a  background 
analysis,  description  of  data  collection  measures,  data  analyses,  and  suggestions 
for  preventive  and  remedial  measures  that  can  be  initiated  to  reduce  the  sediment 
load  in  the  river. 
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Figure  1.  Kankakee  River  Basin 
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Figure  2.  The  Grand  Marsh  of  the  Kankakee  River  prior  to  channelization 
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Figure  3.  Channelization  of  the  upper  reaches  of  the  Grand  Marsh  (USDA,  1909) 
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Figure  4.  Proposed  channelization  of  the  lower  reaches  of  the  Grand  Marsh  (USDA,  1909) 
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ABSTRACT 

A  total  of  207  plant  species  were  identified  during  a  study  conducted  in  1979, 
1980  and  1981  at  the  5.31  acre  (2.14  ha)  James  Woodworth  Prairie  Preserve 
between  Niles  and  Glenview,  Illinois.  Forty-five  of  these  are  reported  for  the  first 
time.  Ten  species  reported  in  1929,  1969  and  1974  were  not  found  during  the 
study.  The  differences  in  the  number  and  character  of  species  reported  at  various 
times  reflect  different  sampling  techniques  and  environmental  change. 

INTRODUCTION 

In  the  fall  of  1926,  Ruth  Paintin  (then  on  the  faculty  of  Northwestern 
University)  noted  the  “outstanding  brilliancy  of  the  flora  and  the  frequency  of 
unusual  species  “on”  a  piece  of  apparently  unbroken  farm  land”  located  on 
Milwaukee  Avenue  near  Glenview  in  northern  Cook  County.  Her  interest 
aroused,  she  subsequently  conducted  a  study  of  the  floristics  and  soil  moisture 
characteristics  of  documented  quadrat  stations  on  this  prairie  remnant  (Paintin, 
1929). 

This  same  piece  of  land  was  used  by  Park,  Auerbach  and  Wilson  (1949,  1953) 
for  entomological  studies  leading  to  the  development  of  a  proposed  life-history  for 
prairie  Pselaphid  beetles,  and  also  by  Auerbach  (1959)  in  and  assessment  of  the 
centipede  species  populations  in  the  Chicago  area.  These  authors  called  this 
property  the  “Peacock  Prairie”  after  the  family  name  of  the  owners.  A  subsequent 
study  was  made  in  1966  by  Betz  and  Cole  (1969)  of  unidentified  quadrat  samples 
augmenting  the  floristics  and  refining  the  taxonomic  nomenclature  of  the 
vegetation.  Their  study  revealed  not  only  unreported  species  but  also  that  a 
respectable  number  of  plant  species  reported  forty  years  earlier  by  Paintin  were 
still  in  existence  on  Peacock  prairie  despite  the  fact  that  the  area  had  been  reduced 
from  9.81  acres  (3.97  ha)  to  5.31  acres  (2.14  ha).  Recently,  Hamilton  (1973,  1981) 
and  Hamilton  &  Kuritsky  (1981)  used  the  prairie  for  studies  on  the  life-histories  of 
the  Head  Cutter  weavil  and  Eastern  Rose  Curculio. 
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A  full  historical  survey  of  this  tract  of  land  will  be  documented  in  another 
paper.  In  brief,  the  property  represents  a  relatively  small  part  of  an  original  126 
acre  land  patent  of  prairie  covered  land  issued  in  1845  to  pioneer  settler  George 
Peacock.  It  remained  untouched  by  the  plow  or  grazing  through  subsequent 
ownership  (1869-1913)  by  the  Long  family,  descendents  of  which  still  reside  in 
Glenview,  and  again  by  the  Peacock  family  (1913-1956),  through  ownership 
(1956-68)  by  the  McIntosh  family  land  developers.  It  was  eventually  purchased  in 
1968  by  the  University  of  Illinois  with  matching  grants  from  the  Federal  Land  & 
Water  Fund  and  the  Chicago  Community  Trust.  It  was  completely  fenced  during 
the  fall  of  1969.  The  university  legally  named  this  natural  area  the  James 
Woodworth  Prairie  Preserve  and  has  used  it  in  conjunction  with  a  privately 
funded  interpretation  center  for  educational  and  scientific  purposes. 

This  paper  on  the  flora  begins  a  series  of  reports  resulting  from  intensive 
ecological  studies  of  Woodworth  Prairie  initiated  in  1979. 

METHODS 

In  1978  two-hundred  and  thirty  permanent  one  square-meter  quadrats  were 
established  in  a  grid  based  on  permanent  survey  markers  laid  down  in  1976.  Each 
grid  point  was  marked  by  a  steel  stake  which  is  serving  as  the  center  of  each 
permanent  quadrat  sampling  area.  Annual  qualitiative  and  quantitative  sampling 
of  the  vegetation  in  each  quadrat  was  begun  in  July  1979.  The  data  in  this  report 
are  based  primarily  on  quadrat  monitoring  from  1979-1981,  although  some 
observations  from  other  years  were  also  used. 

Quadrat  data  are  being  stored  and  processed  for  subsequent  analysis  at  the 
University  of  Illinois  computer  system.  Computer  output  includes  isopleth  maps 
of  distributions  and  cover  importance,  and  also  computations  for  quantitatively 
sampled  species.  In  order  to  minimize  disturbance  in  this  small  preserve,  no 
voucher  specimens  were  collected  during  these  studies. 

RESULTS  AND  DISCUSSION 

A  total  of  207  plant  species  were  identified  (Table  1).  Forty-five  of  these  were 
new  to  the  preserve  (Table  2).  Ten  previously  reported  species  were  either  not 
found  during  this  study  or  were  not  observed  since  1975  (Table  3). 

The  species  in  Table  2  reflect  the  changes  in  the  character  of  the  suburban 
environment  surrounding  this  prairie  island  during  the  past  half-century.  The 
present  surroundings  include  housing  to  the  north,  highways  on  its  west  and  east 
boundaries  include  housing  to  the  north,  highways  on  its  west  and  east 
boundaries,  and  commercial  development  to  the  south.  All  have  contributed  their 
share  of  environmental  pressure,  including  the  introduction  of  non-indigenous 
and  cultivated  species  to  the  region. 

The  present  study  sampled  a  large  proportion  of  the  land  area  of  the 
property,  including  its  borders.  The  Betz  &  Cole  (1969)  study  sampled  only  those 
parts  of  the  property  deemed  ‘typical’  prairie,  and  did  not  consider  several 
disturbed  areas  in  the  property.  It  is  not  surprising,  therefore,  that  more  species 
were  encountered  during  this  study,  despite  the  apparent  loss  of  ten  species 
mentioned  previously. 

The  quantitative  and  qualitative  characteristics  of  the  vegetational  changes 
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that  have  taken  place  on  this  nature  preserve  can  only  be  partially  understood  by 
studying  the  changes  in  its  floristic  component.  Indeed  it  will  also  be  necessary  to 
examine  the  vegetation  dynamics  and  species  distributions  in  time  and  space.  The 
nature  and  extent  of  disturbances,  especially  the  anthropogenic,  within  and 
outside  the  property  bounds,  must  all  be  given  careful  consideration.  With  this  in 
mind,  forthcoming  articles  will  cover  the  contributing  factors  to  vegetation 
change. 
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Table  1.  Flora  reported  in  the  James  Woodworth  Prairie  Preserve  (Peacock 
Prairie)  based  on  Paintin  (1929),  Betz  &  Cole  (1969),  and  our  field 
observations.  Plants  observed  since  1979  are  starred. 


Family  Species 
Aceraceae 

*  Acer  negundo 

*  Acer  saccharinum 
Amaryllidaceae 
Hypoxis  Hirsuta 
Apocynaceae 

*  Apocynum  sibiricum 
Asclepiadceae 

*  Asclepias  incarnata 

*  Asclepias  purpurescens 

*  Asclepias  Sullivantii 

*  Asclepias  syriaca 

*  Asclepias  tuberosa 

*  Asclepias  verticillata 
Boraginaceae 


*  Lithospermum  canescens 
Caprifoliaceae 

*  Lonicera  tatarica 
Caryophyllaceae 

*  Arenaria  lateriflora 
Chenopodiaceae 

*  Chenopodium  album 
Commelinaceae 

*  Tradescantia  ohiensis 
Compositae 

*  Achillea  Millefolium 

*  Ambrosia  artemesiifolia 

*  Ambrosia  trifida 

*  Antennaria  neglecta 

*  Aster  azureus 
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*  Aster  ericoides 

*  Aster  laevis 

*  Aster  novae-angliae 

*  Aster  pilosus 
Aster  ptarmicoides 

*  Aster  simplex 

*  Bidens  frondosa 

*  Cacalia  tuberosa 

*  Chrysanthemum  leucanthemum 

*  Cichorium  intybus 

*  Cirsium  discolor 
Cirsium  Hillii 

*  Cirsium  vulgare 

*  Coreopsis  palmata 

*  Coreopsis  tripteris 

*  Erigeron  annuus 

*  Erigeron  philadelphicus 

*  Erigeron  strigosus 

*  Eupatorium  altissimum 

*  Helianthus  grosseserratus 

*  Helianthus  rigidus 

*  Krigia  biflora 

*  Lactuca  canadensis 

*  Liatris  aspera 

*  Liatris  spicata 

*  Parthenium  integrifolium 

*  Prenanthes  aspera 

*  Prenanthes  racemosa 

*  Ratibida  pinnata 

*  Rudbeckia  hirta 

*  Senecio  pauperculus 

*  Silphium  integrifolium 

*  Silphium  laciniatum 

*  Silphium  terebinthinaceum 

*  S.  terebinthinaceum  x  laciniatum 

*  Solidago  altissima 

*  Solidago  canadensis 

*  Solidago  gigantea 

*  Solidago  graminifolia 

*  Solidago  juncea 

*  Solidago  nemoralis 

*  Solidago  riddellii 

*  Solidago  rigida 

*  Sonchus  arvensis 

*  Taraxacum  officinale 

*  Tragopogon  pratense 

*  Xanthium  pennsylvanicum 
Convolvulaceae 


*  Convolvulus  arvensis 

*  Convolvulus  sepium 
Cornaceae 

*  Cornus  racemosa 
Crassulaceae 
Penthorum  sedoides 
Cruciferae 

*  Barbarea  vulgaris 

*  Capsella  bursa-pastoris 

*  Lepidium  campestre 

*  Rorippa  islandica  Fernaldiana 
Cyperaceae 

*  Carex  brevior 

*  Carex  Buxbaumii 

*  Carex  lanuginosa 

*  Carex  Crawei 

*  Carex  Sartwellii 

*  Carex  stricta 

*  Carex  vulpinoidea 

*  Eleocharis  palustris 

*  Scirpus  lineatus 
Equisetaceae 

*  Equisetum  arvense 
Gentianaceae 

*  Gentiana  Andrewsii 

*  Gentiana  puberulenta 
Gramineae 

*  Agropyron  repens 

*  Agropyron  repens  subulatum 

*  Agropyron  subsecundatum 

*  Agropyron  trachycaulum  unilaterale 

*  Agrostis  alba 

*  Andropogon  Gerardi 

*  Andropogon  scoparius 

*  Bromus  Kalmii 

*  Calamagrostis  canadensis 

*  Dactylis  glomerata 

*  Elymus  canadensis 

*  Glyceria  striata 

*  Hordeum  jubatum 

*  Koeleria  cristata 

*  Panicum  lanuginosum 

*  Panicum  Leibergii 

*  Panicum  virgatum 

*  Phalaris  arundinacea 

*  Phleum  pratense 

*  Poa  compressa 

*  Poe  pratensis 
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*  Sorghastrum  nutans 

*  Spartina  pectinata 

*  Sphenopholis  obtusata 

*  Sporobolus  cryptandrus 

*  Sporobolus  heterolepis 

*  Stipa  spartea 
Hypericaceae 
Hypericum  canadense 

*  Hypericum  punctatum 
Iridaceae 

*  Sisyrinchium  albidum 
Juncaceae 

*  Juncus  acuminatus 

*  Juncus  balticus  littoralis 

*  Juncus  dudleyi 

*  Juncus  lineatus 

*  Juncus  tenuis 

*  Juncus  Torreyi 
Labiatae 

*  Glechoma  hederacea 

*  Lycopus  americana 

*  Monarda  fistulosa 

*  Nepeta  cataria 

*  Prunella  vulgaris  lanceolata 

*  Pycnanthemum  virginianum 

*  Scutellaria  parvula  Leonardi 

*  Stachys  hispida 
Stachys  palustris 
Leguminosae 

*  Amorpha  canescens 

*  Apicsios  americana 

*  Baptisa  leucantha 

*  Baptisia  leucophaea 

*  Coronilla  varia 

*  Desmodium  canadense 
Lathyrus  palustris 

*  Lathyrus  venosus 

*  Lespedeza  capitata 

*  Medicago  lupulina 

*  Melilotus  alba 

*  Meliotus  officinalis 

*  Petalostemum  candidum 

*  Petalostemum  purpureum 

*  Psoralea  tenuiflora 

*  Trifolium  pratense 

*  Trifolium  procumbens 

*  Trifolium  repens 

*  Vicia  americana 


Liliaceae 

*  Allium  canadense 

*  Allium  cernuum 

*  Hemerocallis  fulva 

*  Lilium  michiganense 

*  Lilium  philadelphicum  andinum 

*  Smilacina  stellata 
Lobeliaceae 

*  Lobelia  spicata 
Lythraceae 

*  Lythrum  alatum 

*  Lythrum  salicaria 
Oleaceae 

*  Fraxinus  pennsylvanica 

*  Syringa  vulgaris 
Onagraceae 
Ludwigia  polycarpa 

*  Oenothera  biennis 

*  Oenothera  tetragona  longistipata 
Orchidaceae 

Spiranthes  cernua 
Oxalidaceae 

*  Oxalis  stricta 

*  Oxalis  violacea 
Plantaginaceae 

*  Plantago  major 

*  Plantago  Bugellii 
Polemoniaceae 

*  Phlox  glaberrima 

*  Phlox  pilosa 
Polygalaceae 

*  Polygala  senega 
Polygonaceae 

*  Polygonum  amphibium  stipulaceum 

*  Polygonum  aviculare 

*  Polygonum  persicaria 

*  Rumex  crispus 
Primulaceae 

*  Dodecatheon  meadia 

*  Lysimachia  ciliata 
Lysimachia  quadriflora 
Ranunculaceae 

*  Anemone  cylindrica 

*  Thalictrum  dasycarpum 
Rhamnaceae 

*  Rhamnus  cathartica 
Rosaceae 

*  Fragaria  virginiana 
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Geum  canadense 

* 

Typha  angustifolia 

Geum  strictum 

♦ 

Typha  latifolia 

Geum  triflorum 

Ulmacea 

Malus  sp. 

♦ 

Ulmus  pumila 

Potentilla  arguta 

* 

Ulmus  rubra 

Potentilla  simplex 

Umbelliferae 

Rosa  Carolina 

* 

Cicuta  maculata 

Rosa  multiflora 

* 

Daucus  carota 

Rubus  occidentalis 

* 

Eryngium  yuccifolium 

Rubiaceae 

* 

Oxypolis  rigidior 

Galium  boreale 

♦ 

Zizia  aurea 

Galium  obtusum 

Valerianaceae 

Santalaceae 

♦ 

Valeriana  ciliata 

Comandra  Richardsiana 

Verbenaceae 

Saxifragaceae 

* 

Verbena  hastata 

Heuchera  Richardsonii 

Violaceae 

Scrophulariaceae 

♦ 

Viola  papilionacea 

Gerardia  aspera 

* 

Viola  pedatifida 

Gerardia  tenuifolia 

Vitaceae 

Pedicularis  canadensis 

♦ 

Vitis  sp. 

Verbascum  thapsus 

Bryophytes 

Veronica  peregrina 

♦ 

Fissidens  sp. 

Veronicastrum  virginicum 

♦ 

Atrichum  sp. 

Solanaceae 

Physalis  subglabrata 

Solanum  dulcamara 

Typhaceae 

♦ 

Bracathecium  sp. 

Table  2.  Plants  that  were  previously  unreported  in  the  James  Woodworth  Prairie 
Preserve.  Listed  plants  were  quantitatively  sampled  or  observed  in  the 
summers  of  1979,  1980,  or  1981. 

Acer  negundo  L. 

Acer  saccharinum  L. 

Agropyron  repens  (L)  Beauv. 

Agropyron  trachycaulum  unilateral  (Cassidy)  Malte. 

Apocynum  sibiricum  (Formerly  identified  as  A.  cannibinum)  Jacq. 

Arenaria  lateriflora  L. 

Asclepias  purpurescens  L. 

Asclepias  verticillata  L. 

Atricum  P.  Beauv. 

Barbarea  vulgaris  R.  Br. 

Brachythecium  BSG. 

Carex  brevior  (DEW.)  Mackenz. 

Carex  lanuginosa  Michx. 

Carex  Sartwellii  Dew. 

Carex  stricta  Lam. 
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Cichorium  intybus  L. 

Cirsium  discolor  (Muhl.)  Spreng. 

Cirsium  vulgare  (Savi.)  Tenore. 

Coreopsis  tripteris  L. 

Coronilla  varia  L. 

Dactylis  glomerata  L. 

Daucus  carota  L. 

Fissidens  Hedw. 

Geum  canadense  Jacq. 

Geum  vernum  (Raf.)  T.  &  G. 

Glechoma  hederacea  L. 

Hemerocallis  fulva  L. 

Hypericum  punctatum  Lam. 

Lepidium  campestre  (L.)  R.  BR. 

Lonicera  tatarica  L. 

Lythrum  salicaria  L. 

Melilotus  alba  Desr. 

Melilotus  officinalis  (L.)  Lam. 

Nepeta  cataria  L. 

Oenothera  tetragona  longistipata  (Pennell)  Munz. 

Phalaris  arundinacea  L. 

Physalis  subglabrata  Mackenz.  &  Bush. 

Plantago  major  L. 

Rorippa  islandica  Fernaldiana  Butt.  &  Abbe. 

Roas  multiflora  Thunb. 

Silphium  terebinthinaceum  (Jacq.)  x  laciniatum  (L).  (An  apparent  hybrid.) 
Solanum  dulcamara  L. 

Sporobolous  cryptandrus  (Torr.)  Gray. 

Syringa  vulgaris  L. 

Ulmus  pumila  L. 

Verbascum  thapsus  L. 


Table  3.  Plants  recorded  in  the  prairie  but  presently  believed  to  be  extirpated. 
Codes  used  include:  P  =  Paintin 

B&C  =  Betz  &  Cole 
R  =  Rouffa  (photographed) 


Corylus  americana  Walt. 

Last  reported 
P.  1929 

Crataegus  sp. 

P.  1929 

Maclura  pomifera  (Raf.)  Schneid. 

P.  1929 

Populus  tremuloides  Michx. 

P.  1929 

Salix  sp. 

P.  1929 

Geum  triflorum  Pursh. 

B&C  1969 

Spiranthes  cernua  (L.)  Richard 

R.  1974 

Gerardia  aspera  Dough 

B&C.  1969 

Ludwigia  polycarpa  Short  &  Peter 

B&C  1969 

Penthorum  sedoides  L. 

B&C.  1969 

INTERCELLULAR  RESERVOIR 
FORMED  RY  REGENERATION  OF  THE 
TUNICA  ALRUGINEA  IN  THE  GUINEA 
PIG  AFTER  CASTRATION  OR 
HEMIC  ASTRATION. 


Jan  Martan,  Benjamin  A.  Shepherd,  and  Alan  A.  Daar 
Department  of  Zoology,  South  Illinois  University, 
Carbondale,  Illinois  62901 


ABSTRACT 

Guinea  pig  males  were  hemicastrated  or  castrated  by  a  technique  which 
leaves  the  tunica  albuginea  in  situ.  The  tunica  albuginea  was  implanted  with 
perforated  hollow  borosilicate  ellipsoids.  The  tunica  albuginea  healed  with  1-2 
weeks  and  encapsulated  the  implant.  In  some  cases,  buds  of  tunica  vasculosa  grew 
through  the  perforations  in  the  wall  of  implants  and  fused.  Encapsulation 
resulted  in  the  formation  of  an  extra-intercellular  reservoir  containing  interstitial 
fluid  and  a  network  of  cords  of  tunica  vasculosa.  This  preparation  may  serve  for 
further  studies  on  the  rate  of  movement  and  concentration  of  either  exogenous  or 
endogenous  materials  in  the  blood  and  tissue  fluid. 

INTRODUCTION 

A  different  castration  technique  was  developed  by  McGlinn  et  al.  (1976),  in 
which  the  inside  of  the  testis  was  removed  while  the  tunica  albuginea  was  left  in 
situ.  Minimal  damage  to  the  testicular  excurrent  ducts,  claimed  by  previous 
authors,  was  confirmed  by  Shepherd  and  Martan  (1976,  1979)  who  reported 
extended  longevity  and  fertilizing  ability  of  epididymal  spermatozoa  in  guinea  pig 
males  castrated  by  this  technique.  A  glass  implant  was  inserted  into  the  tunica 
albuginea  of  guinea  pig  males  immediately  after  castration.  The  results  of  this 
experiment  and  some  potential  applications  of  the  developed  model  are  reported 
in  this  article. 


METHODS 

Nineteen  sexually  mature  male  guinea  pigs  (SR/Siuz),  from  a  colony  in  the 
SIUC  Vivarium,  were  used  in  this  study.  The  animals  were  maintained  as 
previously  described  (Martan,  1966;  Martan  and  Shepherd,  1973).  Animals  were 
anesthetized  with  Metofane  (Methoxyflurane),  Pittman-Moore,  N.J.,  and  the 
testis(es)  removed  by  the  technique  reported  by  McGlinn  et  al.  (1976),  with  the 
exception  that  a  flame-heated  dissecting  needle  was  used  to  cauterize  the 
connection  of  the  seminiferous  tubules  with  the  mediastinum  testis.  Following 
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castration,  the  dense  fibrous  tunica  albuginea  lined  with  the  loose,  richly 
vascularized  tunica  vasculosa  remained  attached  to  the  intact  ducts,  nerves,  and 
blood  vessels.  Glass,  hollow  ellipsoids  (Fig  la)  with  perforated  walls  were  then 
surgically  implanted  in  the  empty  tunics. 

The  glass  implants  measured  approximately  1.7  cm  x  1.0  cm  and  had  a 
capacity  of  approximately  0.4  ml.  They  were  customized  in  the  Research 
Glassblowing  Shop  at  SIUC  from  borosilicate.  Prior  to  implanting,  the  glass  was 
sterilized  and  rinsed  in  Tyrode  Solution  (Difco  Laboratories). 

Implantation  was  performed  by  stretching  the  cut  edge  of  the  tunica 
albuginea  over  the  ellipsoid  using  fine  forceps  and  suturing  the  tunica  close  with 
4-0  silk  thread.  Implants  were  placed  either  bilaterally  (6  males)  or  unilaterally 
(13  males).  Two  to  4  sutures  spaced  2-3  mm  were  made  to  retain  the  implant  and 
facilitate  encapsulation.  The  musculature  of  the  scrotal  pouch  and  skin  were 
sutured  separately,  and  the  closed  incision  cleaned  externally  with  95%  ethanol. 
The  animals  were  then  returned  to  individual  cages  for  one  to  several  weeks  and 
euthanatized. 

The  animals  were  sacrificed  by  overdosing  with  ether  and  the  scrota  opened 
(Fig  2).  The  general  condition  of  the  healed  tunica  albuginea  was  observed  and 
the  fluid  content  of  the  implant  was  aspirated  and  measured,  using  a  hypodermic 
syringe  fitted  with  a  gauge  22  needle.  Most  fat  was  removed  and  the  epididymis 
along  with  the  tunica  was  fixed  in  Baker’s  Formol  for  histological  observation.  In 
some  instances,  the  implant  was  removed  prior  to  fixation  and  in  others  after 
fixation. 

Tissues  were  processed  by  standard  paraffin  methods  and  sectioned  at  8  pm. 
Sections  were  stained  using  Mallory’s  method  for  collagenic  fibers  and  Gomori’s 
aldehyde  fuchsin  method  for  elastic  fibers  (Lillie,  1965). 

RESULTS  AND  DISCUSSION 

Within  1-2  weeks  after  the  operation,  the  tunica  albuginea  was  completely 
healed  (Fig  lb)  and  was  filled  with  interstitial  fluid  containing  blood.  After  5-6 
weeks,  each  implant  contained  0.3  -  0.4  ml  of  straw-colored  interstitial  fluid  free 
of  blood.  By  4-5  weeks  post-operation,  small  buds  of  connective  tissues  from  the 
tunica  vasculosa  had  grown  through  the  openings  in  the  wall  of  the  implant.  In 
some  cases,  these  buds  elongated  and  fused  in  the  center  of  the  implant’s  cavity 
(Fig  3).  The  entire  ingrowth  histologically  resembled  the  tunica  vasculosa.  It  was 
richly  vascularized  and  contained  fibroblasts,  and  both  collagenous  and  elastic 
fibers.  In  a  few  males,  the  inner  scrotal  wall  adhered  to  the  tunica  albuginea.  In 
one  case,  the  distal  tip  of  the  seminal  vesicle  on  the  ipsilateral  side  of  the  implant 
adhered  to  the  tunica  albuginea.  In  one  male  euthanatized  6  weeks  post-operation 
the  implant  was  filled  with  pus  rather  than  interstitial  fluid. 

No  differences  in  healing  of  the  tunica  albuginea,  growth  of  the  tunica 
vasculosa,  and  amount  of  tissue  fluid  in  the  “glass  testis”  were  observed  between 
castrated  and  hemicastrated  male  guinea  pigs.  These  observations  suggest  that 
testicular  hormones  were  not  involved.  Preliminary  experiments  with  laboratory 
rats  have  shown  similar  results. 

The  hollow  glass  implant  encapsulated  by  the  tunica  albuginea  (Figs  lb,  2) 
provides  an  extra-intercellular  reservoir  from  which  tissue  fluid  can  be  collected 
with  a  hypodermic  needle  through  the  scrotal  wall  or  in  the  same  manner, 
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hormones  and  other  pharmacological  agents  introduced.  Therefore,  this 
technique  may  be  used  for  studies  involving  the  rate  of  movement  of  materials 
administered  to  the  animal  either  orally  or  by  injection,  or  to  determine  the 
differences  in  concentration  of  exogenous  or  endogenous  materials  between  the 
blood  and  tissue  fluid,  by  providing  easy  access  to  the  tissue  fluid  for  analyses.  In 
addition,  this  technique  may  be  applicable  in  cosmetic  surgeries  in  cases  of 
accidental  injury  to  the  testis  or  testicular  tumors  in  man  or  domestic  animals. 
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Fig  la.  Borosilicate  implant  with  perforated  wall.  X  2.5 

Fig  lb.  Dissected  tunica  albuginea  with  attached  epididymis  and  fat,  encapsulating  a  glass  implant. 
X  2.5 

Fig  2.  Encapsulated  inplant  in  situ  exposed  by  dissection  of  the  skin  and  muscle  wall  of  the  scrotal 
pouch. 

Fig  3.  Section  of  the  tunica  albuginea  with  the  cauda  epididymis  (right)  attached,  containing  a  fused 
ingrowth  of  tunica  vasculosa  (center)  which  grew  inward  through  perforations  in  the  wall  of 
the  implant.  X  4 
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ABSTRACT 

Filtration  rate  of  Corbicula  fluminea  (Muller)  1774,  (0.83  to  7.40  g)  at  21  to 
24  C  in  a  suspension  of  3,314  to  17,742  plants/ml  of  Scenedesmus  sp.  averaged  347 
ml/hr/clam,  177  ml/hr/g  total  weight,  1,561  ml/hr/g  soft  tissue  weight,  and 
20,499  ml/hr/g  dried  soft  tissue  weight.  Rate  of  filtration  was  not  strongly 
correlated  with  clam  weight  (r  <  0.10).  Filtration  rates  determined  in  this  and 
other  studies  were  compared.  It  was  concluded  that  the  most  acceptable  filtration 
rate  for  C.  fluminea  ranges  from  300  to  in  excess  of  800  ml/hr/clam. 

INTRODUCTION 

Filtration  rate  of  the  Asiatic  clam,  Corbicula  fluminea  (Muller)  1774,  has 
been  the  subject  of  several  investigations  (Prokopovich,  1969;  Habel,  1970; 
Auerbach  et  al.,  1977;  Haines,  1979;  and  Mattice,  1979).  Computed  rates  may  be 
grouped  into  two  general  categories,  those  in  excess  of  100  ml/hr/clam  and  those 
less  than  100  ml/hr/clam.  The  purpose  of  this  investigation  was  to  determine  the 
actual  rate  of  filtration  in  C.  fluminea  and  to  delineate  considerations  for  further 
determinations  of  filtration  rate  in  bivalves. 

MATERIALS  AND  METHODS 

Ten  Corbicula  fluminea  (0.83  to  7.40  g)  were  used  to  compute  average 
filtration  rate.  Test  clams  were  obtained  from  stocks  maintained  in  the  laboratory 
in  excess  of  two  years.  Monospecific  cultures  of  Scenedesmus  sp.  were  obtained 
from  Carolina  Biological  Supply  Company  and  maintained  in  a  variety  of  media 
including  Bold’s  Basic  Medium,  Volvox  Medium,  and  Soil-water  Medium 
(Anonymous,  1974).  To  determine  C.  fluminea  filtration  rate  a  small  aliquot  of 
Scenedesmus  culture  was  diluted  with  charcoal  filtered  tap  water  to  the  desired 
algal  concentration  (3,414  to  17,742  plants/ml).  Two  250  ml  beakers  were  filled 
with  200  ml  of  the  diluted  media.  A  single  clam  was  added  to  one  beaker,  while 
the  other  beaker  received  no  clam  and  functioned  as  a  control.  Actual  start  time 
of  each  run  was  recorded  at  the  moment  a  clam  opened  its  valves  (less  than  one 
minute  after  introduction).  Throughout  each  1.5  to  3.0  hr  run,  both  control  and 
test  media  were  maintained  between  21  to  24  C  and  continuously  aerated  to 
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assure  random  distribution  of  algae.  Clams  were  periodically  observed  to  ensure 
their  valves  remained  open.  At  the  start,  end,  and  throughout  each  run  0.2  ml 
aliquots  of  test  media  were  collected  and  total  number  of  algal  plants  enumerated 
at  a  magnification  of  500x  with  a  compound  microscope.  At  completion  of  each 
run  a  0.2  ml  sample  was  obtained  from  the  control  media  and  served  to  confirm 
the  observed  clam-induced  reduction  of  algal  plants.  Five  of  7  counts  were 
conducted  for  each  run.  Average  filtration  rate  for  each  clam  tested  was 
computed  with  the  formula  developed  by  Jorgensen  (1943).  Filtration  rates  were 
determined  by  clam  and  per  clam  weight.  Total  clam  weight,  weight  of  excised 
soft  tissue,  and  dried  weight  of  soft  tissue  were  determined  to  the  nearest  0.01  g  on 
a  Sartorious  balance.  Soft  tissue  was  blotted  dry  before  weight  was  determined. 
Dried  soft  tissue  weight  was  determined  after  oven  drying  at  37  C  for  36  hr. 

RESULTS  AND  DISCUSSION 

Filtration  rate  of  Corbicula  fluminea  averaged  347  ml/hr/clam  (range  =  160 
to  861  ml/hr/clam).  Average  filtration  rate  varied  considerably  (Table  1)  and  was 
not  strongly  correlated  with  total  clam  or  soft  tissue  weight  (r  <  0.10).  Observed 
filtration  rates  approximated  the  high  rates  reported  by  Auerbach  et  al.  (1977) 
and  Mattice  (1979),  but  contrasted  sharply  with  the  reduced  rates  reported  by 
several  other  investigators  (Table  2). 

Variations  in  reported  rates  of  filtration  are  due  primarily  to  suspensions 
used.  Clams  select  food  particles  by  size,  shape,  specific  gravity,  and  quality;  they 
reject  unacceptable  particles  (Jorgenson,  1966).  Bivalves  such  as  Corbicula  sandai 
Reinhardt  1878  and  Sphaerium  transversum  (Say)  1829,  which  are  biologically 
similar  to  C.  fluminea ,  feed  predominantly  upon  diatoms  and  green  algae 
(Hayashi  and  Otuni,  1967;  Gale  and  Lowe,  1971).  Filamentous  algae  and  algae 
with  thick  gelatinous  membranes  are  poorly  utilized  by  filter  feeding 
zooplankton,  while  blue-green  algae  are  ingested  and  assimilated  at  reduced  rates 
(Arnold,  1971;  Porter,  1973).  Suspensions  of  algal  genera  which  clams  positively 
select  ( Melosira  and  Scenedesmus )  were  used  in  studies  in  which  C.  fluminea 
filtration  rates  exceeded  100  ml/hr/clam.  Much  lower  filtration  rates  were 
observed  in  studies  by  Habel  (1970)  and  Haines  (1979)  where  poorly  utilized 
algae,  such  as  colonial  green  algae  (likely  to  be  surrounded  by  thick  gelatinous 
sheaths)  and  filamentous  blue-green  algae,  dominated  the  suspension.  The 
artificial  soil  suspensions  used  by  Prokopovich  (1969)  were  also  probably  selected 
against.  That  these  media  were  poorly  selected  is  further  substantiated  by  the 
occurrence  of  considerable  clam  mortality  in  studies  by  Prokopovich  (1969)  and 
Haines  (1979).  Apparently  C.  fluminea  was  stressed  in  suspensions  of  poorly 
utilized  particles  and  filtration  rates  determined  using  these  media  are 
anomalously  low. 

All  three  studies  which  reported  low  average  filtration  rates  employed  a 
turbidimeter  to  quantify  particles  in  suspension.  Use  of  a  turbidimeter  to  measure 
suspended  solids  in  water  is  questionable  since  many  variables  can  affect  the 
conversion  of  turbidity  units  into  suspension  concentration  (Duchrow  and 
Everhart,  1971).  For  example,  Habel  (1970)  used  turbidity  to  determine 
Corbicula  fluminea  filtration  rate,  and  frequently  observed  fluctuations  of  30  to 
50%  in  phytoplankton  number  for  identical  turbidity  readings.  Such  variability 
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indicates  turbidity  measurement  is  not  sufficiently  sensitive  for  accurate 
determination  of  clam  filtration  rates. 

Based  on  the  suspensions  used  and  methodologies  employed  to  measure  C. 
fluminea  filtration  rates  it  is  believed  the  actual  rate  ranges  from  300  to  in  excess 
of  800  ml/hr/clam.  It  is  suggested  that  future  determinations  of  bivalve  filtration 
rate  use  suspensions  known  to  be  positively  selected  and  techniques  of 
quantification  other  than  measurement  of  turbidity.  It  may  be  preferable  to 
report  filtration  rate  as  volume  per  weight  clam  (total  weight,  soft  tissue  weight, 
and/or  dried  soft  tissue  weight)  per  unit  time  rather  than  filtration  rate  per  clam. 
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16 


J.  K.  Buttner  and  R.  C.  Heidinger 


Table  1.  Filtration  rate  of  ten  Corbicula  fluminea  in  a  monospecific  suspension  of 
Scenedesmus  sp.  aerated  at  21  to  24  C.1 


Weight 

Clam 

weight  (g) 

Filtration  rate  (ml/hr/g) 

category 

Average 

Range 

Average 

Range 

Total 

3.72 

0.83-7.40 

177 

34-839 

Soft  tissue 

0.43 

0.05-1.01 

1,561 

340-6,624 

Dried  soft 
tissue 

0.05 

0.01-0.20 

20,499 

1,700-84,500 

1  Algal  concentration  averaged  7,566  plants/ml,  range  =  3,413  to  17,742 
plants/ml. 


TABLE  2.  Filtration  rate  of  Corbicula  fluminea  and  summary  of  relevant  biological,  physical,  and  methodological 
parameters  as  reported  in  the  literature. 
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THE  RELATIONSHIP  OF  LIGHT  EXTINCTION  DATA  WITH  SECCHI  DISK  DEPTH 
IN  A  CIRCUMNEUTRAL  STRIP  MINE  LAKE  IN  SOUTHERN  ILLINOIS. 


by 

Michael  J.  Chimney 

Cooperative  Wildlife  Research  Laboratory 


and 


Department  of  Zoology 
Southern  Illinois  Univer.sity 
Carbondale,  Illinois  62901 


ABSTRACT 


1.  Beer-Lambert  vertical  absorption  coefficients  (k)  were 
calculated  using  light  data  collected  over  a  three  year 
period  (46  dates)  from  a  circumneutral  strip  mine  lake 
in  southern  Illinois. 

2.  Estimates  of  light  extinction  (k  )  in  surface  waters  (0  - 
4  m)  were  also  derived  using  Secchi  disk  depth  (Zqn)  and 
the  Poole-Atkins  (1926)  equation. 

3.  k  values  throughout  the  surface  water  zone  were  not  stat¬ 
istically  different  from  their  mean  (k-)  on  each  date. 

A 

4.  Zgp  exhibited  a  significant  exponential  relationship 

(r=  0.820)  with  k-  over  a  wide  range  of  light  conditions. 

5.  k  was  highly  correlated  with  (r=  0.844),  and  not 
statistically  different  from,  k-;  k  was  a  satisfactory 
approximation  of  surface  water  light  extinction  in  this 
lake . 


^This  research  was  supported,  in  part,  by  a  Sigma  Xi  Grant- 
in-Aid  of  Research  to  the  author. 
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C i r cumneu t r a  1  strip  mine  impoundments  have  physio- 
chemical,  morphometric  and  edaphic  characteristics  that 
can  differ  significantly  from  other  freshwater  lakes  and 
ponds.  In  Illinois,  investigations  of  c i r cumneu t r a  1  strip 
mine  lakes  have  been  largely  limited  to  surveys  of  community 
diversity  (Bell  1956;  Coss  1981;  Konik  1980;  Lewis  and 
Peters  1954;,  Rickett  1968)  and  selected  phy s i o- ch em ic a  1 
parameters,  such  as  0^  concentration,  temperature  and 
chemical  composition  (Gibb  and  Evans  1978;  Konik  1980; 

Lewis  and  Peters  1954).  Few  investigators  have  collected 
other  than  baseline  data  (e.g.  Dreschel  1980;  Stahl  1979; 
Larson  1974);  a  great  deal  remains  to  be  learned  about 
the  limnology  of  these  lentic  systems.  From  1977  to  1979, 
data  on  a  number  of  phy s io- ch em i ca 1  and  biotic  parameters 
were  collected  from  a  small,  c i r cumneu t r a  1  strip  mine  lake 
in  southern  Illinois.  This  paper  presents  an  analysis  of 
light  extinction  in  this  lake. 

Because  light  is  the  primary  energy  source  for  fresh¬ 
water  ecosystems,  its  behavior  in  lakes  is  of  great  interest 
to  limnologis ts .  Radiant  energy  is  extinguished  exponentially 
as  it  passes  through  water  as  described  by  the  classic  Beer- 
Lambert  equation: 

Iz  =  I  e~kz  (1) 

z  o 

which  can  be  rearranged  to  the  form: 

k  =  (In  I  -  In  I  ) 
o  z 


z 


(2) 
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where  z  =  depth  in  meters,  1^  and  1^  =  light  intensity  at 
the  surface  and  depth  z  respectively,  and  k  =  the  vertical 
absorption  coefficient,  a  measure  of  light  extinction  at 
depth  z  (Cole  1979).  Instrumentation  has  not  always  been 
available  to  measure  light  intensity.  Poole  and  Atkins 
(1929)  developed  a  empirical  formula  to  estimate  k  in 
"surface  waters"  based  on  its  relationship  with  Secchi  disk 
depth  (ZSD) : 


k 


ri 

SD 


(3) 


While  the  Poole-Atkins  equation  has  been  demonstrated 
to  be  useful  for  estimating  k  in  turbid  freshwater  ponds 
andcoastal  oceanic  waters  (Idso  and  Gilbert  1974),  no 
previous  study  has  applied  it  to  c i r cumneu t r a  1  strip  mine 
waters.  This  paper  will  examine  the  applicability  of  the 
Poole-Atkins  equation,  and  the  relationship  of  k  with  Z^, 
in  such  a  system. 
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METHODS  AND  MATERIALS 

This  study  was  conducted  on  Moroni's  Big  Lake,  a 
cir cumneut ral  strip  mine  impoundment  (5.5  ha),  located 
approximately  2  km  north  of  DeSoto,  in  Jackson  County 
(T85-R2W-Sec .  8,17),  Illinois.  Data  were  collected  at  a 

single,  open-water  station  from  June  to  November  1977 
(6  dates),  May  to  December  1978  (16  dates),  and  March  to 

December  1979  (24  dates).  Light  intensities  were  measured  at 

meter  intervals  (0  to  13m)  as  percentages  of  surface  illumin¬ 
ation  (taken  as  100%)  with  a  Whitney  LMA-8A  underwater 
photometer.  Secchi  disk  depths  were  recorded  from  the  shady 
side  of  the  boat  between  0900  and  1200  hours.  Beer-Lambert 
vertical  absorption  coefficients  (k)  and  Poole-Atkins  estimated 

k  (k  )  were  calculated  for  each  date.  All  statistics  and 
e 

data  plots  were  generated  using  SAS  (Statistical  Analysis 
System)  (Barr  e_t  a^l.  1979)  supported  on  an  IBM  S/370  computer. 
The  critical  level  of  significance  (cC)  for  all  statistical 
tests  was  set  at  0.01.  Additional  information  on  Moroni's 
Big  Lake,  and  the  methods  employed  in  this  study,  can  be  found 
in  Chimney  (1980). 
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RESULTS  AND  DISCUSSION 

For  this  analysis,  "surface  waters"  were  considered  to 

extend  from  0  to  4  m.  It  was  observed  that  93.5  percent 

of  all  Z  values  were  within  this  depth  zone,  which,  during 

periods  of  thermal  stratification,  include  the  entire 

epilimnion  and  most  of  the  metalimnion.  A  one-way  ANOVA 

found  no  significant  differences  between  k  values  at  each 

surface  water  depth  and  their  mean  (k-)  (df=  5/270;  F=  1.22; 

P=  0.2970);  k^  was  used  as  the  best  measure  of  light  extinction 

on  each  date  in  all  subsequent  analyses.  Descriptive 

statistics  of  surface  water  k  values,  k- ,  k  ,  and  can 

x  e  SD 

be  found  in  Table  1. 

Plots  of  Z„^  with  k-  and  k-  with  k  are  shown  in 
SD  x  x  e 

Figures  1  and  2.  Correlation  coefficients  were  quite  high 
for  regressions  of  both  sets  of  data;  r  =  -0.820  (P<0.001) 
for  ZgD  with  k-  (both  variables  were  In  transformed)  and  r  = 
0.844  (P<0.001)  for  k-  with  ke.  Furthermore,  a  t-test  indi¬ 
cated  that  k-  and  ke  were  not  statistically  different  from 
each  other  (df  =  46,  T=  1.48,  P  =  0.1410). 

These  data  indicated  that  the  exponential  relationship 
ZgD  exhibited  with  k-  was  significant  over  a  wide  range  of 
light  conditions  in  Moroni's  Big  Lake.  In  addition,  k  values, 

derived  from  the  Poole-Atkins  equat ion , were  satisfactory 
approximations  of  light  extinction  in  surface  waters  when  com¬ 
pared  to  those  calculated  from  light  intensity  data. 
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Table  1.  Means,  standard  deviations,  and  range  of  values 

for  light  absorption  coefficients  and  Secchi  disk 
depth  in  Moroni's  Big  Lake. 


X 

S.D. 

Range 

kl 

0.93 

0.43 

0.12-2.21 

k2 

0.87 

0.40 

0.22-1.91 

k3 

0.90 

0.41 

0.34-1.85 

k4 

1.00 

0.37 

0.32-1.78 

k- 

X 

0.93 

0.37 

0.39-1.92 

ke 

0.82 

0.33 

0.26-1.79 

ZSD 

2.42 

1.08 

0.95-6.50 
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Figure  1.  Relationships  between  Secchi  disk  depth  (ZgD)  and 

mean  surface  water  light  extinction  (k-)  in  Moroni's 
Big  Lake.  The  correlation  between  Z  and  k-  was 
calculated  using  In  transformed  data^for  botft  variables. 


k. 


Figure  2.  Relationships  between  Poole-Atkins  estimated  k  (k0) 
and  mean  surface  water  light  extinction  (k-)  in 
Moroni's  Big  Lake. 
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THE  GENUS  HYDROPHYLLUM  IN 

ILLINOIS 


Gail  Roberts  Westmoreland 
Department  of  Botany 
Southern  Illinois  University 
Carbondale,  Illinois  62901 

ABSTRACT 

The  genus  Hydrophyllum  L.  (Hydrophyllaceae — Waterleaf  Family)  is  made 
up  of  eight  species  in  the  United  States  which  are  indigenous  to  two  disjunct  areas. 
The  western  group  consists  of  H.  capitatum  Dough,  H.  fendleri  (Gray)  Heller,  H. 
occidentale  (Watson)  Gray,  and  H.  tenuipes  Heller  (Beckman,  1979). 

The  genus  in  Illinois  is  composed  of  the  four  eastern  species.  They  are  H. 
appendiculatum  Michx.,  H.  canadense  L.,  H.  macrophyllum  Nutt.,  and  H. 
virginianum  L.  Descriptions  of  the  taxa  and  their  habitats  are  given.  A  key  to  the 
taxa  is  provided  after  thorough  examination  of  938  specimens. 

INTRODUCTION 

Besides  the  genus  Hydrophyllum,  three  other  genera  of  the  family  occur  in 
Illinois.  The  genus  Hydrolea  L.  is  represented  by  one  species,  H.  uniflora  Raf.  The 
genus  Ellisia  L.  is  also  represented  by  one  species,  E.  nyctelea  L.  Phacelia  Juss.  has 
three  species,  P.  purshii  Buckley,  P.  ranunculacea  (Nutt.)  Constance,  and  P. 
hipinnatifida  Michx.  The  characteristics  used  to  distinguish  these  genera  are: 
presence  or  absence  of  axillary  spines,  opposite  or  alternate  cauline  leaves,  entire 
or  fimbriate  corolla  lobes,  and  glandular-pubescent  or  eglandular-pubescent 
inflorescence  branches. 

This  taxonomic  study  was  performed  because  of  the  need  to  better  clarify  and 
distinguish  the  species  of  Hydrophyllum  as  they  occur  in  Illinois.  The  literature 
review  produced  little  previous  work  on  this  genus  in  Illinois  or  surrounding 
states.  Shields  (1966)  wrote  descriptions,  keys,  and  distribution  maps  for  the 
members  of  the  family  as  they  occur  in  Wisconsin.  Morgan  (1971)  studied  the 
phenology,  photosynthesis  and  respiration,  microenvironments,  seed 
characteristics  and  germination,  reproduction  and  mortality  of  a  H. 
appendiculatum  community  in  Brownfield  Woods  near  Urbana,  Illinois. 
Beckman  (1979)  studied  the  biosystematics  of  the  genus  Hydrophyllum.  Cox,  et 
al.  (1972)  described  the  succession  and  composition  of  a  central  Illinois  prairie 
grove  in  which  H.  canadense  was  designated  as  a  dominant  herb. 

DESCRIPTION  OF  THE  GENUS 

Erect,  mostly  perennial,  mostly  hairy  herbs,  with  fleshy-fibrous  roots  from  a 
well  developed  rhizome;  leaves  alternate,  simple,  entire  to  compound,  long- 
petioled,  pinnately  or  palmately  divided;  flowers  in  compact,  peduncled,  cymose 
clusters,  lacking  bracts  and  a  well  developed  main  axis;  corolla  bluish-purple. 

Flowers  5-merous;  calyx  sometimes  with  a  small  appendage  in  each  sinus,  the 
lobes  subulate;  corolla  broadly  tubular  to  rotate,  campanulate,  purple,  usually 
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lobed  to  about  the  middle,  the  lobes  convolute  in  the  bud;  stamens  borne  on  the 
corolla  tube,  alternating  with  the  lobes;  stamens  and  styles  mostly  exserted; 
filaments  more  or  less  bearded;  style  1-  and  ±  2-cleft,  or  styles  2;  ovary  bristly- 
hairy,  superior,  1-  to  2-celled,  with  few-many  ovules  on  parietal  to  axile 
placentae;  placentae  thick  and  fleshy,  connected  with  the  pericarp  at  the  base  and 
apex;  fruit  a  globose  capsule,  commonly  1-celled  and  2-valved,  ripening  1-4  seeds, 
the  seeds  spherical. 

The  dichotomous  key  provided  below  is  an  artificial  one  which  will  aid  in 
field  and  herbarium  identification.  This  key  is  designed  for  identification  in  the 
reproductive  and  vegetative  states. 

KEY  TO  THE  SPECIES  OF  HYDROPHYLLUM  IN  ILLINOIS 

1 .  Uppermost  leaves  palmately  lobed . 2 

1.  Uppermost  leaves  pinnately  lobed  or  compound .  3 

2.  Calyx  with  a  short,  usually  reflexed  appendage  between  the  lobes; 
peduncles  hirsute,  the  hairs  over  1  mm  long;  leaves  becoming  increasingly 

dissected  or  compound  toward  the  plant  base . 1 .  H.  appendiculatum 

2.  Calyx  without  a  short  reflexed  appendage,  but  rarely  with  a  minute  tooth 
between  some  of  the  lobes;  peduncles  sparsely  pubescent,  the  hairs  up  to  1  mm 

long;  leaves  usually  remaining  palmately  lobed  all  along  the  stem . 

. 2.  H.  canadese 

3.  Main  stem  and  peduncle  hairs  spreading  at  right  angles  from  the  stem,  1-2  mm 

long;  leaves  9-  to  13-parted,  seldom  glaucous  underneath . 

. 3.  H.  macrophyllum 

3.  Peduncle  hairs  antrorsely  appressed,  up  to  1  mm  long;  leaves  3-  to  7-parted, 
glaucous  underneath . 4.  H.  virginianum 

The  following  sections  for  each  species  include  the  binomial,  author  of  the 
name,  publication  place  and  date  of  that  species  from  Jones  and  Fuller  (1955), 
and  common  name(s).  A  description  of  the  species  with  some  discussion  of  habitat 
and  occurrence  follows  Mohlenbrock  (1975).  Finally  the  specimens  examined  are 
cited  alphabetically  by  county. 

1.  Hydrophyllum  appendiculatum  Michx.  FI.  Bor.  Am.  1:134.  1803.  Great 
Waterleaf,  Woollen  Breeches. 

Taprooted  biennial;  stems  3-6  dm  tall,  hirsute,  erect;  cauline  leaves 
palmately  5-lobed,  truncate  or  V-shaped  at  the  base;  cyme  loosely  flowered; 
sepals  separate  nearly  to  the  base,  densely  hirsute,  alternating  with  conspicuous 
reflexed  appendages;  corolla  purple;  stamens  and  style  exserted  1-3  mm. 

This  species  grows  in  rich,  moist  woods  and  flowers  during  May  and  June.  In 
Illinois  this  species  is  occasional  in  occurrence  throughout  the  state. 
Hydrophyllum  appendiculatum  was  first  discovered  and  documented  for  Illinois 
by  Mead  (1846). 

Reference  was  made  to  the  different  leaf  shapes  of  H.  appendiculatum  in  the 
preceding  key.  Morgan  (1971)  explains  that  the  first-year  plant  germinating  in  the 
spring  lives  through  the  summer  under  a  closed  canopy  and  produces  two  to  four 
erect,  palmately  shaped  leaves.  In  the  fall,  mottled,  palmately  shaped  leaves  are 
produced  which  overwinter  as  a  basal  rosette.  This  species  will  not  flower  unless  a 
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basal  rosette  has  been  produced  in  the  fall.  Morgan  (1971)  noted  that  the  first-year 
leaves  died  back  after  heavy  frosts.  Early  in  the  second  spring  season,  the  plants 
break  dormancy  and  form  a  large  basal  rosette  of  pinnately  shaped  leaves.  Later 
in  the  spring  more  erect  palmately  shaped  leaves  are  formed.  This  biennial  habit 
explains  why  different  leaf  types  can  be  found  on  a  specimen  of  H. 
appendiculatum . 

Because  H.  appendiculatum  differs  from  the  other  members  of  the  genus  by 
its  biennial  habits  and  its  appendaged  calyx  lobes,  it  has  been  proposed  to  a 
separate  genus,  Decemium  Raf.,  by  Brand  (1913)  and  Small  (1933).  However, 
Constance  (1942)  retained  the  species  in  the  genus  Hydrophyllum  because  its 
inflorescence,  distribution,  and  habitat  are  so  similar  to  the  other  members  of  the 
genus  (Morgan,  1971). 


SPECIMENS  EXAMINED: 

ADAMS:  Burton,  Brinker  2556  (ILL,  ILLS,  ISM),  3376  (ILL,  ILLS,  ISM), 
3400  (ILLS,  ISM),  Evers  1146  (ILL);  Burton  Cave,  Henry  2280  (WIU),  2305 
(WIU);  Quincy,  Brinker  1151  (ILLS).  ALEXANDER:  Ware,  Bauer  2403  (F); 
McClure,  Winterringer  7745  (ISM),  Buser  5430  (ILLS).  BROWN:  LaGrange, 
Rexroat  2661  (ISM);  McKee  Creek,  Wickliffe  s.n.  (ISM).  BUREAU:  Neponset, 
Winterringer  7580  (ISM);  Buda,  Evers  95506  (ILLS).  CALHOUN:  Batchtown, 
Evers  94066  (ILLS);  Hardin,  Evers  53493  (ILLS),  Winterringer  15980  (ISM), 
15981  (ISM),  Koelling  2575  (ISM);  Kampsville,  Winterringer  20365  (ISM),  20412 
(ISM).  CARROLL:  Mississippi  Palisades  State  Park,  Chase  5351  (ILL). 
CHAMPAIGN:  University  of  Illinois,  Jones  15058  (SIU);  Urbana,  Seigler, 
Hoffman,  (  Moestrop  4038  (ILL),  Jones  3213  (ILL),  11271  (ILL),  11677  (ILL), 
12499  (ILL),  13671  (ILL),  15058  (ILL,  ISM),  15061  (ILL,  ISM),  16334  (ILL), 
McDougall  s.m.  (ILL),  Gates  1575.1  (F),  2216  (ILL),  2308  (ILL),  Winterringer 
829  (ILL),  J.  S.  R.  29679  (ILL),  Honenss.n.  (ILL),  Ahles  1054  (ILL);  Brownfield 
Woods,  Atteberry  s.n.  (ILL).  CHRISTIAN:  Taylorville,  DeMotte  s.n.  (ILL), 
Winterringer  7671  (ISM).  CLARK:  Westfield,  Nyboer  95  (EIU).  COLES:  Fox 
Ridge  State  Park,  Moore  15  (EIU),  Thut  s.n.  (EIU),  Ahles  3915  (ILL),  Fuller 
10062  (ISM),  10413  (ISM),  Evers  22881  (ILLS),  43058  (ILLS)  COOK:  Willow 
Springs,  Moffatt  159  (ILL);  Spring  Creek,  Babcock  s.n.  (F);  Edgebrook,  Duesner 
s.n.  (F).  CRAWFORD:  Palestine,  Ebinger  15473  (EIU),  Phillippe  220  (EIU),  248 
(EIU),  Evers  22495  (ILLS),  29520  (ILLS),  34676  (ILLS),  43238  (ILLS),  96481 
(ILLS);  Oblong,  Winterringer  14022  (ISM),  14023  (ISM).  CUMBERLAND: 
Johnstown,  Ebinger  14568  (EIU).  DeKALB:  Kingston  Twp.,  Schulenberg  s.n. 
(MOR);  Shabbona  Grove,  Greeley  s.n.  (MOR).  DeWITT:  Kenney,  Evers  10174 
(ILLS).  DuPAGE:  Naperville,  Kienholz  s.n.  (ILL),  Umbach  s.n.  (F,  ILLS),  3328 
(ILLS),  5300  (ILLS,  MOR);  Lisle,  Umbach  s.n.  (ILLS),  E.  L.  K.  s.n.  (MOR); 
Teuscher  s.n.  (MOR);  Morton  Arboretum,  Lesica  s.n.  (MOR);  McDowell  Grove, 
Swink  96  (F);  Maple  Grove  Forest  Preserve,  Swink  2197  (F).  EDGAR:  Kansas, 
Ebinger  15475  (EIU),  Bergseng  118  (ILL),  119  (ILL),  Fuller  10445  (ISM);  Foley’s 
Woods,  Hudnut  s.n.  (EIU);  Paris,  Winterringer  10237  (ISM);  Grand  View,  Evers 
10891  (ILLS);  Elbridge,  Evers  37145  (ILLS),  73287  (ILLS);  Vermilion,  Evers 
46717  (ILLS).  EFFINGHAM:  Effingham,  Ahles  3726  (ILL),  Winterringer  7977 
(ISM).  FAYETTE:  Vandalia,  Ebinger  15322  (EIU),  15336  (EIU);  Wright’s 
Corner,  Evers  37000  (ILLS);  Ramsey,  Evers  73728  (ILLS).  FULTON: 
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Bernadette,  Pepoon  s.n.  (ILL);  Anderson  Lake,  C.  &  D.  Heitmann  712  (ISM), 
Rexroat  4575  (ISM);  Middle  Grove,  Shildneck  10852  (ISM);  Banner,  Evers  17013 
(ILLS).  GALLATIN:  Shawneetown,  Evers  52951  (ILLS).  GREENE:  Roodhouse, 
Rexroat  6660  (ISM);  Hillview,  Koelling  2550  (ISM).  GRUNDY:  Morris,  Evers 
63879  (ILLS),  72570  (ILLS),  76109  (ILLS);  Aux  Sable  Creek,  Schulenberg, 
Rowlatt,  &  Snyder  75-157  (MOR),  Schulenberg  &  Wilhelm  75-045  (MOR). 
HANCOCK:  Cedar  Glen,  Gates  10215  (F,  ILL),  Hartman  669  (WIU);  Mississippi 
River  Slope,  Kibbe  s.n.  (WIU);  Nauvoo-Hamilton  Roadside,  Kibbe  s.n.  (WIU); 
Mount  Moriah,  Kibbe  s.n.  (WIU);  Crooked  Creek,  Kibbe  s.n.  (WIU),  Gates  8884 
(F);  Miltner  Lodge,  Henry  866  (WIU);  Warsaw,  Krauser  75  (ISM);  Hamilton, 
Winterringer  20324  (ISM);  Joette,  Evers  63696  (ILLS);  Fountain  Green,  Evers 
72827  (ILLS).  HARDIN:  Elizabethtown,  McCree  70  (SIU),  3555  (SIU),  Fuller  & 
Welch  70  (F).  HENDERSON:  Oquawka,  Patterson  s.n.  (F,  ILL).  JACKSON: 
Fountain  Bluff,  Bailey  &  Swayne  2292  (SIU),  Welch  &  Fuller  151  (SIU),  Bauer 
2359  (ILL),  2674  (F);  Carbondale,  Fuller  &  Welch  151  (ISM),  730  (ISM),  McCree 
730  (ILL);  Grand  Tower,  Gleason  s.n.  (ILL);  Etherton,  Koelling  3036  (ISM); 
DeSoto,  Moore  22  (SIU);  Big  Muddy  River,  Herndon  63  (SIU),  Bailey  &  Swayne 
373  (SIU,  WIU),  McCree  124  (SIU),  730  (SIU),  773  (SIU);  Murphysboro,  Evers 
16814  (ILLS),  30539  (ILLS);  Gorham,  Evers  45655  (ILLS),  110182  (ILLS), 
112699  (ILLS).  JASPER:  Newton,  Ebinger  15250  (EIU).  JERSEY:  Pere 
Marquette  State  Park,  Fuller  2074  (ISM);  Richwood  Twp.,  Evers  38251  (ILLS). 
Jo  DAVIESS:  Apple  River  Canyon  State  Park,  Chase  5396  (ILL),  Haynie  2304 
(F),  Fuller  7004  (ISM),  Koelling  2669  (ISM),  Graham  8870  (ISM),  Evers  17319 
(ILLS).  KANE:  Carpentersville,  Wilhelm  &  Kazama  3593  (MOR).  KANKAKEE: 
Kankakee,  Hill  s.n.  (ILL),  DeSelm  83  (F);  Aroma  Park,  Evers  94548  (ILLS). 
KENDALL:  Yorkville,  Evers  42571  (ILLS);  Oswego,  Evers  108272  (ILLS). 
LaSALLE:  Ottawa,  King  402  (F);  Starved  Rock  State  Park,  Greenman,  Lansing, 
&  Dixon  64  (F),  Fuller  3145  (ISM),  Evers  64595  (ILLS),  Ries  s.n.  (ILLS),  Werner 
s.n.  (ILLS),  Ries  &  Huckins  s.n.  (ILLS);  Matthiessen  State  Park,  Evers  60404 
(ILLS).  LAWRENCE:  Robeson  Hills,  Siverts  s.n.  (ILL); 
Lawrenceville,  Winterringer  4441  (ISM).  LEE:  Dixon,  Vasey  30115  (ILL),  Fuller 
7032  (ILLS,  ISM);  Sublette,  Evers  30820  (ILLS).  LIVINGSTON:  Rowe,  Fuller 
8510  (ILL,  ISM);  Streator,  Fuller  10198  (ISM).  LOGAN:  Elkhart,  Fuller  s.n. 
(ILLS),  7852  (ISM);  Lincoln,  C.  &  D.  Heitmann  112  (ISM).  MACON:  Long 
Creek  Bank,  Shildneck  3585  (ILL,  ILLS,  ISM);  Decatur,  Clokey  30980  (ILL). 
MACOUPIN:  Macoupin,  Robertson  s.n.  (ILLS).  MADISON:  Carpenter,  Evers 
63481  (ILLS),  68502  (ILLS).  MARSHALL:  Chillicothe,  Chase  10275  (F),  10375 
(ILL);  Lacon,  Evers  72370  (ILLS).  McDONOUGH:  Grind  Stone  Creek,  Finly 
103  (WIU);  Lamoine  River,  R.  M.  M.  873  (WIU).  McLEAN:  Funk’s  Forest 
Natural  Area,  Calef  293  (ILL);  Funk’s  Grove,  Chase  16929  (ILL),  Calef  s.n. 
(ILLS),  5-127  (ILLS),  Evers  43291  (ILLS);  Bloomington,  Armstrong  64  (ILLS), 
Evers  43155  (ILLS);  Normal,  Fox  s.n.  (ILL).  MENARD:  Athens,  Hall  s.n.  (F); 
New  Salem  State  Park,  Winterringer  12485  (ISM),  12488  (ISM);  Oakford,  Rexroat 
4630  (ISM).  MERCER:  Joy,  Evers  94350  (ILLS),  105224  (ILLS),  113245  (ILLS). 
MONROE:  Columbia,  Ebinger  15647  (EIU),  68544  (ILLS);  Fountain,  Evers 
107606  (ILLS).  MORGAN:  Prentice,  Rexroat  2631  (ISM).  OGLE:  White  Pines 
Forest  State  Park,  Hills  3783  (ILL);  Oregon,  Waite  s.n.  (ILL).  PEORIA:  Peoria, 
McDonald  s.n.  (F,  ILL)  ;  Princeville,  Chase  564  (F,  ILL);  Peoria  Heights,  Chase 
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8302  (ILL),  13306  (ILL),  17813  (ILL,  ILLS);  Tubercular  Sanitarium  Area,  Chase 
3877  (ILL);  Forest  Park,  Clausen  244  (WIU);  Rocky  Glen,  Chase  17259  (ILLS), 
ISM).  PIATT:  Allerton  Park,  Seigler,  Scarlet,  &  Becker  3904a  (ILL);  Monticello, 
Jones  17812  (ILL);  Lodge,  Evers  16244  (ILLS).  PIKE:  Pearl,  Winterringer  19396 
(ISM),  19397  (ISM);  Valley  City,  Evers  49423  (ILLS).  PUTNAM:  Hennepin, 
Evers  42900  (ILLS),  64268  (ILLS);  Putnam,  Chase  10291  (F,  ILL).  ROCK 
ISLAND:  Cordova,  Evers  64182  (ILLS),  69345  (ILLS).  SANGAMON:  Auburn, 
Fuller  4095  (ISM),  7068  (ILL,  ISM);  Island  Grove,  Fuller  1118  (ISM),  3650 
(ISM);  Buffalo  Hart,  Fuller  3938  (ISM);  Shermon,  Fuller  2137  (ISM). 
SCHUYLER:  Frederick,  Winterringer  9966  (ISM);  Scab  Hollow,  Tyson  39  (ISM). 
SCOTT:  Exeter,  Rexroat  3759  (ISM).  SHELBY:  Richland  Creek,  Ebinger  11392 
(EIU).  STARK:  Spoon  River,  Chase  1430  (ILL).  St.  CLAIR:  Falling  Springs,  Neill 
5693  (ILLS,  ISM),  7475  (ILLS,  SIU),  8125  (ILLS,  ISM),  16173  (ILLS,  ISM,  SIU); 
Edgemont,  Neill  98  (ISM);  Dupo,  Neill  3109  (ILLS,  ISM),  5425  (ISM),  6599 
(ILLS,  ISM),  6626  (ILLS,  ISM),  16173  (ILLS),  Evers  23030  (ILLS). 
TAZEWELL:  East  Peoria,  Chase  3097  (ILL),  14427  (ILL,  ILLS,  ISM);  Delavan, 
C.  &  D.  Heitmann  327  (ISM).  UNION:  Wolf  Lake,  Ebinger  17202  (EIU);  Union 
County  Refuge,  Dolbeare  3381  (ISM),  3382  (EIU);  State  Forest,  Fuller  &  Fisher 
92  (F,  ILLS,  ISM),  Fuller  1118  (ISM);  Larue  Pine  Hills,  Winterringer  21525 
(ISM),  21526  (ISM),  21527  (ISM),  Buser  3898  (ILLS).  VERMILION:  Forest  Glen 
Preserve,  Ebinger  16353  (EIU),  17218  (EIU);  Vermilion  River  Bank,  Jones  11310 
(ILL),  13576  (ILL);  Grade  Creek,  Bell  239  (ILL);  Kickapoo  State  Park,  Jones 
35410  (ILL);  Fairmount,  Bell  &  Bray  84  (ILL);  Oakwood,  Evers  9682  (ILLS), 
38636  (ILLS),  43623  (ILLS);  Collison,  Evers  112838  (ILLS).  WABASH:  Hanging- 
rock,  Schneck  s.n.  (ILL),  299  (ILL);  Mt.  Carmel,  Schneck  s.n.  (ILL).  WILL: 
Lockport,  Hill  s.n.  (ILL),  1099  (ILL);  New  Lenox,  Hill  s.n.  (ILL);  Des  Plaines 
River,  Hill  1099  (F);  Romeo,  Umbach  s.n.  (F);  Joliet,  Skeels  228  (F),  Grassly  s.n. 
(F);  Ritchey,  Evers  68964  (ILLS).  WINNEBAGO:  Rockford,  Fuller  &  Haime 
1685  (ISM),  1699  (ISM),  Fuller  2116  (ILLS);  Durand,  Evers  57191  (ILLS). 
WOODFORD:  Spring  Bay,  Chase  11930  (ILL). 

2.  Hydrophyllum  canadense  L.  Sp.  PL,  ed.  2,  208.  1762.  Broad-leaf  Waterleaf. 

Fibrous-rooted  perennial  with  a  long  rhizome;  stems  3-5  dm  tall,  nearly 
smooth;  cauline  leaves  palmately  5-  to  7-lobed;  cymes  dense  on  forked  peduncles 
which  are  mostly  shorter  than  the  petioles;  calyx  lobes  rarely  with  minute  teeth  in 
the  sinuses;  flowers  purplish;  stamens  exserted  3-6  mm;  style  exserted  4-5  mm. 

This  species  occurs  in  rich,  damp  woods  and  flowers  from  May  to  July.  In 
Illinois  it  is  occasional  to  rare  throughout  the  state.  Hydrophyllum  canadense  was 
first  discovered  and  documented  for  Illinois  by  Vasey  (1861). 

SPECIMENS  EXAMINED: 

BROWN:  Cooperstown,  Rexroat  3478  (ISM).  CHAMPAIGN:  Urbana, 
Seigler,  Hoffman  &  Moestrop  4030  (ILL),  McDougall  62  (ILL),  Seigler  7587 
(ILL),  Winterringer  s.n.  (ILL),  671  (ILL),  3333  (ISM,  WIU),  Pepoon  &  Barrett 
1016  (ILLS),  Gates  1579.2  (F),  Seymour  17069  (ILL);  Champaign,  Scherer  274 
(ISM).  COLES:  Fox  Ridge  State  Park,  Thut  s.n.  (EIU);  Charleston,  Ebinger  7607 
(EIU),  Fuller  10388  (ISM).  CRAWFORD:  Palestine,  Ebinger  15474  (EIU),  Evers 
29530  (ILLS),  34666  (ILLS),  43240  (ILLS),  96488  (ILLS),  Phillippe  219  (EIU), 
Ahles  2110  (ILL),  Pepoon  &  Barrett  4784  (ILLS).  DeWITT:  Wapella,  Shildneck 
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7849  (ILL);  Clinton,  Shildneck  7849  (ISM).  DOULGAS:  Douglas  County 
Conservation  Area,  Phillippe  452  (EIU),  1581  (EIU).  EDGAR:  Kansas,  Fuller 
11346  (ISM).  GALLATIN:  Gibsonia,  Evers  57769  (ILLS).  HARDIN:  Blind 
Hollow,  Evers  76403  (ILLS).  HENDERSON:  Oquawka,  Patterson  s.n.  (F). 
JACKSON:  Little  Grand  Canyon,  Bailey  &  Swayne  2436  (SIU);  Giant  City  State 
Park,  French  s.n.  (SIU),  Jones  22165  (ILL),  Pepoon  &  Barrett  448  (ILLS), 
Mohlenbrock  1296  (ISM),  Fuller  11662  (ISM);  Murphysboro,  Evers  16806  (ILLS); 
Makanda,  Cranwill  s.n.  (ILL).  JERSEY:  Grafton,  Winterringer  18914  (ISM). 
LaSALLE:  LaSalle,  Pepoon  &  Foster  1150  (ILLS).  LAWRENCE:  Robeson  Hills, 
Sivert  s.n.  (ILL);  Lawrenceville,  Winterringer  6377  (F,  ISM),  Sivert  s.n.  (ISM). 
McLEAN:  Bloomington,  Chase  1*5991  (ILL);  Funk’s  Forest  Natural  Area,  Calef 
288  (ILL),  561  (ILL);  Funk’s  Grove,  Fuller  8730  (ILL,  ILLS,  ISM),  11470  (ILL, 
ISM),  Evers  43307  (ILLS),  Calef  s.n.  (ILLS).  MENARD:  Oakford,  Rexroat  4618 
(ISM).  POPE:  Lusk  Creek,  Hopkins  938  (SIU).  RANDOLPH:  Modoc,  Trojcak  218 
R  (ISM).  SCHUYLER:  Rushville,  Rexroat  7580  (ISM).  SHELBY:  Richland  Creek, 
Ebinger  11391  (EIU);  Cowden,  Shildneck  7485  (MOR).  UNION:  Larue  Pine 
Hills,  Henry  1387  (WIU).  WABASH:  Little  Rock,  Schneck  s.n.  (ILL). 

3.  Hydrophyllum  macrophyllum  Nutt,  in  Journ.  Acad.  Sci.  Phila.  7:111.  1834. 
Large-leaf  Waterleaf. 

Stems  3-7  dm  tall,  hirsute;  cauline  leaves  pinnately  9-  to  13-lobed  or 
compound;  cyme  compact,  borne  on  peduncles  shorter  than  petioles;  calyx  lobes 
very  hairy;  corolla  purple-pinkish;  stamens  and  style  long-exserted. 

This  species  is  found  in  rich,  moist  woods  and  flowers  during  May  and  June. 
In  Illinois  it  is  confined  to  the  southern  one-fourth  of  the  state.  It  was  discovered 
by  Dr.  Short  and  was  first  documented  for  Illinois  by  Patterson  (1876). 

SPECIMENS  EXAMINED: 

EDWARDS:  Albion,  Winterringer  7122  (ISM).  HARDIN:  Elizabethtown, 
Telford  s.n.  (ILLS).  PUTNAM:  Magnolia,  Evers  9239  (ILLS).  RICHLAND: 
Olney,  Ebinger  18972  (EIU),  Evers  86523  (ILLS),  Scherer  324  (ISM); 
Parkersbury,  Evers  &  Boewe  2514  (ILLS).  VERMILION:  Danville,  Schneck  s.n. 
(ILL).  WABASH:  Mt.  Carmel,  Schneck  s.n.  (ILL),  Shearer  s.n.  (ILL), 
Winterringer  7121  (F,  ILL,  ISM);  Odd  Fellow’s  Cemetery,  Schneck  s.n.  (ILL); 
Hanging  Rock,  Schneck  s.n.  (ILL).  WASHINGTON:  New  Minden,  Evers  44123 
(ILLS).  WAYNE:  Fairfield,  Walker  103  (ILL). 

4.  Hydrophyllum  virginianum  L.  Sp.  PI.  146.  1753.  Virginia  Waterleaf,  John’s 
Cabbage. 

Stems  3-8  dm  tall,  smooth  to  strigosely  hairy  with  adpressed  hairs  rarely  to 
0.5  mm  long;  cauline  leaves  pinnately  5-  to  7-lobed;  cyme  dense  on  forked 
peduncles  longer  than  the  petioles  of  the  upper  leaves;  calyx  lobes  linear,  hispid; 
corolla  lavender;  stamens  and  style  long-exserted. 

This  species  occurs  in  low,  rich  woods  and  damp  clearings.  Hydrophyllum 
virginianum  was  first  discovered  in  Illinois  by  Mead  (1846).  In  Illinois  it  is 
occasional  to  common  throughout  the  state. 

This  species  of  Hydrophyllum  has  at  times  been  confused  with  another 
member  of  the  family  -  Phacelia  bipinnatifida  Michx.  In  Phacelia  bipinnatifida, 
the  peduncles  and  main  axis  are  glandular-pubescent.  It  is  a  taprooted  plant  and 
produces  4  to  many  seeds.  In  contrast,  the  peduncles  and  main  axis  of  H. 
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virginianum  are  not  glandular-pubescent.  Hydrophyllum  virginianum  is  a 
fibrous-rooted  perennial  with  a  long  rhizome.  It  produces  1-4  seeds. 

SPECIMENS  EXAMINED: 

ADAMS:  Burton,  Fuller  2593  (ILL,  ILLS,  ISM),  Brinker  3399  (ILL,  ILLS, 
ISM),  Evers  1137  (ILL);  Burton  Cave,  Henry  2304  (WIU);  Quincy,  Brinker  2507 
(ILL,  ILLS,  ISM);  St.  Anthony’s,  Brinker  1165  (ILLS).  ALEXANDER:  Thebes, 
Franklin  s.n.  (ILL).  BOONE:  Belvidere,  Fuller  12267  (ISM),  E.  Fell  54738  (ISM); 
Caledonia,  E.  Fell  54294  (ISM);  Poplar  Grove,  Evers  69159  (ILLS).  BUREAU: 
Tiskilwa,  Evers  42882  (ILLS);  Dover,  Evers  73193  (ILLS);  Princeton,  Evers 
64245  (ILLS).  CARROLL:  Mississippi  Palisades  State  Park,  Chase  11804  (ILL), 
Wunderlin  832  (WIU),  Evers  64150  (ILLS);  Thomson,  Evers  102208  (ILLS); 
Savanna,  Evers  73045  (ILLS),  90662  (ILLS),  Koelling  2599  (ISM).  CASS: 
Davidsmeyer  Hill  Prairie,  Tyson  34  (ISM).  CHAMPAIGN:  Urbana,  Benjamin  s.n. 
(ILL),  Gregory  29678  (ILL),  Clinton  32076  (ILL),  Winterringer  570  (ILL),  828 
(ILL),  4002  (ISM),  Jones  13951  (ILL),  15709  (ILL),  16000  (ILL),  Atteberry  s.n. 
(ILL),  Honens  s.n.  (ILL);  Mahomet,  Jones  11754  (ILL),  19079  (ILL),  Sanderson 
s.n.  (ILLS),  Evers  56463  (ILLS);  Champaign,  MacGregor  s.n.  (ILL);  St.  Joseph, 
Gates  1595  (F),  Coates  s.n.  (ISM);  Gifford,  Evers  94592  (ILLS),  102921  (ILLS). 
CHRISTIAN:  Taylorville,  DeMotte  s.n.  (ILL),  Trojcaks.n.  (ISM),  Winterringer 
7674  (ISM).  CLARK:  Big  Creek,  Ebinger  7537  (EIU);  Rocky  Branch  Nature 
Preserve,  Hellinga  162  (EIU).  COLES:  Charleston,  Sampson  s.n.  (EIU),  Sargent 
s.n.  (EIU),  Phipps  &  Speer  351  (EIU);  Fox  Ridge  State  Park,  Thut  s.n.  (EIU), 
Evers  22868  (ILLS),  22883  (ILLS),  Hutton,  Evers  46525  (ILLS);  Embarrass 
River,  Jones  15113  (ILL).  COOK:  Palos  Park,  Stein  s.n.  (ILLS);  Palos  Heights, 
Post  88  (MOR);  Sutton,  Evers  63961  (ILLS);  Deer  Grove,  Chase  8773  (ILL),  8822 
(ILL);  Edgebrook  Forest  Preserve,  Bennett  s.n.  (F,  ILL);  Leyden,  Bennett  s.n. 
(ISM);  Grand  Crossing,  Hill  s.n.  (ILL);  Chicago,  Hill  s.n.  (ILL),  Babcock  s.n. 
(F),  Moffatt  153  (F);  Glencoe,  Blatchford  s.n.  (F);  Elk  Sanctuary-Busse  Woods, 
Stolze  217  (F);  Pullman,  Lansing  s.n.  (F),  178  (F),  912  (F);  Elmhurst,  Blatchford 
&  Fowler  s.n.  (F);  Berwyn,  Calkins  253  (F);  Evanston,  Ailing  s.n.  (F),  Raddin 
s.n.  (F),  Johnson  2122  (F),  Admire  s.n.  (F),  Knox  s.n.  (F);  Lemont,  Swink  920 
(F);  Riverside,  Grassly  s.n.  (F),  Babcock  s.n.  (F),  Filek  70  (F),  Bross  s.n.  (F), 
Haynie  s.n.  (F),  Hutchinson  s.n.  (F);  Morgan  Park  Ridge,  Dixon  &  Gage  727  (F); 
Glenwood,  King  375  (F);  Che-Che-Pin-Qua  Forest  Preserve,  Reich  66  (F),  253 
(F);  Hinsdale,  E.  C.  S.  879  (F);  Edgebrook,  Gates  368  (F).  CRAWFORD: 
Oblong,  Winterringer  14021  (ISM).  CUMBERLAND:  Johnstown,  Ebinger  14567 
(EIU).  DeKALB:  Genoa,  Evers  56787  (ILLS);  Sycamore,  Evers  95692  (ILLS), 
Whitford  270  (ISM);  Hinckley,  Whitford  141  (ISM);  Waterman,  Greeley  s.n. 
(MOR);  Shabbona  Grove,  Greeley  s.n.  (MOR).  DeWITT:  Wapella,  Winterringer 
6841  (ISM,  WIU),  7544  (ISM);  Kenney,  Evers  16140  (ILLS),  60087  (ILLS). 
DOUGLAS:  Villa  Grove,  Evers  46508  (ILLS);  Douglas  County  Conservation 
Area,  Phillippe  1334  (EIU);  Areola,  Winterringer  1016  (ILL).  DuPAGE:  Roselle, 
Chase  9416  (F,  ILL);  Wheaton,  Lloyd  s.n.  (ILL),  Moffatt  s.n.  (ILL),  515  (ILL), 
Fuller  1169  (ISM),  Blount  163  (ISM),  269  (ISM);  Lombard,  Moffatt  s.n.  (ILL); 
Maple  Grove  Forest  Preserve,  Swink  1046  (F);  Naperville,  Umbach  s.n.  (F),  5301 
(MOR);  Morton  Arboretum,  Fuller  3103  (ISM),  Lesica  s.n.  (MOR),  Read  & 
Ciolac  316  (MOR);  Lisle,  Teuscher  s.n.  (MOR),  E.  L.  K.  s.n.  (MOR),  L.  C.  H. 
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s.n.  (MOR).  EDGAR:  Kansas,  Ebinger  8203  (EIU),  15476  (EIU),  Kloker  63 
(EIU),  Bergseng  120  (ILL),  122  (ILL);  Paris,  Ebinger  15270  (EIU);  Foley’s 
Woods,  Hudnut  s.n.  (EIU).  EFFINGHAM:  Beecher  City,  Evers  37037  (ILLS); 
Rock  Cave  Nature  Preserve,  Ebinger  17775  (EIU).  FAYETTE:  Ramsey,  Marty 
15003  (ISM).  FORD:  Paxton,  Anderson  s.n.  (F),  1746  (ILL);  Roberts,  Seng  65 
(ILL);  Elliott,  Evers  73258  (ILLS).  FULTON:  Table  Grove,  Evers  96127  (ILLS), 
99010  (ILLS);  Marietta,  Evers  94435  (ILLS),  94869  (ILLS);  Coal  Creek  Bank, 
Schildneck  10868  (ISM).  GREENE:  Greenfield,  Evers  43703  (ILLS).  GRUNDY: 
Mazon,  Evers  42531  (ILLS),  86763  (ILLS).  HANCOCK:  Crooked  Creek,  Gates 
10148  (ILL);  Carthage,  Gates  8853  (F,  ILL),  Sallee  s.n.  (WIU);  Cedar  Glen, 
Henry  191  (WIU),  865  (WIU),  Hartman  279  (WIU),  690  (WIU),  Gates  10202  (F); 
Nauvoo,  Kowlling  3401  (ISM);  LaHarpe,  Henry  3654  (WIU);  Hamilton,  Henry 
1857  (WIU),  Winterringer  20322  (ISM),  20332  (ISM).  IROQUOIS:  Iroquois,  Shaw 
1157  (ISM),  Evers  60007  (ILLS).  JASPER:  Rose  Hill,  Johnson  14166  (ILL); 
Newton,  Winterringer  7631  (ISM).  Jo  DAVIESS:  Apple  River  Canyon  State  Park, 
Evers  46116  (ILLS),  46150  (ILLS),  Hinldey  s.n.  (SIU),  Jones  15857  (ILL),  21949 
(ILL),  Winterringer  16792  (ISM),  Koelling  2682  (ISM),  Fuller  7001  (ISM),  8015 
(ISM),  17142  (ISM);  Galena,  Lansing  4241  (F);  Hanover,  Evers  46251  (ILLS); 
Woodbine,  Evers  102158  (ILLS);  Rice,  Evers  9586  (ILLS);  Council  Hill  Station, 
Evers  37693  (ILLS);  Elizabethtown,  Evers  73085  (ILLS);  Blanding,  Evers  17214 
(ILLS).  JOHNSON:  Heron  Pond,  White  1024  (SIU).  KANE:  Sugar  Grove,  Evers 
76153  (ILLS),  79513  (ILLS);  Elburn,  Evers  56816  (ILLS),  69069  (ILLS),  72616 
(ILLS);  Elgin,  Gronemann  10  (F),  11  (F),  Sherff  s.n.  (F),  3047  (F),  KANKAKEE: 
Aroma  Park,  Evers  94530  (ILLS);  Rock  Creek  Gorge,  Evers  16325  (ILLS),  16346 
(ILLS);  Kankakee,  Hill  s.n.  (ILL),  DeSelm  85  (F);  Kankakee  River  State  Park, 
Swink  2092  (F).  KENDALL:  Harris  Forest  Preserve,  Swink  s.n.  (MOR).  KNOX: 
Dahinda,  Evers  63819  (ILLS).  LAKE:  Highland  Park,  Robertson  &  Himelick 
1120  (ILLS);  Miltmore  Lake,  Moran  10  (SIU);  Lake  Bluff,  Fuller  15536  (ISM). 
LaSALLE:  §7  County  Road,  Pepoon  &  Barrett  4056  (ILLS);  Starved  Rock  State 
Park,  Ries  s.n.  (ILLS),  Werner  s.n.  (ILLS);  Utica,  Evers  33596  (ILLS);  Peru, 
Evers  83252  (ILLS);  Matthiessen  State  Park,  Evers  60400  (ILLS);  Ottawa,  King 
401  (F).  LAWRENCE:  Lawrenceville,  Sivert  s.n.  (ILL).  LEE:  Franklin  Grove, 
Evers  73141  (ILLS);  Sublette,  Evers  30814  (ILLS);  Dixon,  Fuller  7036  (ILLS, 
ISM),  7681  (ILLS,  ISM),  Keithley  s.n.  (ILL),  61  (ISM);  Lowell  Park,  Fuller  12278 
(ISM);  Amboy,  Winterringer  16769  (ISM).  LIVINGSTON:  Long  Point,  Evers 
83271  (ILLS),  87347  (ILLS);  Rowe,  Fuller  8509  (ILL,  ILLS,  ISM);  Rook  Creek, 
Fuller  10189  (ISM);  Forrest,  Fuller  10324  (ISM).  LOGAN:  Union,  Evers  37128 
(ILLS),  Lake  Fork,  Evers  60121  (ILLS);  Elkhart,  Fuller  s.n.  (ILLS),  7851  (ISM); 
Mt.  Pulaski,  C.  &  D.  Heitmann  95  (ISM).  MACON:  Decatur,  Evers  63404 
(ILLS);  Long  Creek  Bank,  Shildneck  3586  (ILL,  ILLS,  ISM).  MACOUPIN: 
Carlinville,  Robertson  s.n.  (ILLS).  MADISON:  Alton,  Winterringer  19962  (ISM). 
MARSHALL;  Senachwine  Creek,  Chase  1390  (ILL);  Lacon,  Evers  22630  (ILLS). 
MASON:  Kilbourne,  Rexroat  8166  (ISM);  Easton,  Evers  28807  (ILLS),  Koelling 
5627  (ISM);  Havana,  C.  &  D.  Heitmann  145  (ISM).  McDONOUGH:  Augusta, 
Pepoon  &  Barrett  5190  (ILLS);  Eldorado  Twp.,  Evers  30949  (ILLS);  Lake  Vermont 
Park,  Neal  58  (WIU),  59  (WIU),  826  (ILLS),  827  (WIU),  828  (SIU);  Golf 
Course,  Wingfield  16  (WIU),  20  (WIU),  Myers  s.n.  (WIU),  2278  (WIU); 
Macomb,  Myers  M  1  (ISM);  Spring  Lake,  Weigt  45  (WIU),  Myers  237  (ISM); 
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Argyle  Hollow,  Myers  249  (WIU),  526  (ISM,  WIU).  McHENRY :  Algonquin, 
Nason  s.n.  (ILL);  Fox  River  Grove,  Chase  9539  (ILL);  Ringwood,  Fuller  12896 
(ISM).  McLEAN:  Normal,  Steagall  s.n.  (SIUO,  Fox  s.n..  (ILL);  Funk’s  Forest 
Natural  Area,  Calef  245  (ILL);  Funk’s  Grove,  Fuller  10276  (WIU),  11469  (ISM), 
Calef  s.n.  (ILLS).  MENARD:  Athens,  Hall  s.n.  (F);  New  Salem  State  Park, 
Winterringer  12484  (ISM).  MERCER:  Joy,  Evers  105225  (ILLS),  113251  (ILLS); 
Gilchrist,  Evers  63790  (ILLS);  Viola,  Koelling  3780  (ISM).  MONTGOMERY:  Irving 
Park,  Lloyd  s.n.  (F);  Fillmore,  Evers  68836  (ILLS).  MORGAN:  Arnold, 
Carter  s.n.  (EIU),  Winterringer  5807  (ISM);  Jacksonville,  Winterringer  19307 
(ISM),  19045  (ISM),  19046  (ISM),  19391  (ISM),  Rexroat  8770  (ISM). 
MOULTRIE:  Sullivan,  Evers  15993  (ILLS),  16018  (ILLS).  OGLE:  Byron,  Chase 
10351  (ILL);  White  Pines  Forest  State  Park,  Hills  3323  (ISM),  3532  (ISM),  3782 
(ILL);  Oregon,  Waite  s.n.  (ILL),  Evers  42780  (ILLS);  Forreston,  Evers  108348 
(ILLS).  PEORIA:  Kickapoo  Valley,  Chase  4359  (ILL);  A1  Fresco  Park,  Chase 
3826  (ILL);  Detweiler  Park,  Chase  18343  (ILL,  ILLS);  Forest  Park,  Chase  17798 
(ILL);  Peoria  Heights,  Chase  13314  (ILL),  16473  (ILL),  Peoria,  McDonald  s.n. 
(F,  ILL),  Stewart  s.n.  (F).  PIATT:  Allerton  park,  Ebinger  12708 
(EIU),  Seigler,  Scarlet,  &  Becker  3904  (ILL).  PIKE:  Chambersburg,  Rexroat  5748 
(ISM).  PUTNAM:  Hennepin,  Evers  42910  (ILLS);  Magnolia,  Evers  9188  (ILLS), 
60501  (ILLS),  60579  (ILLS).  ROCK  ISLAND:  Illinois  City,  Evers  72947  (ILLS); 
Cordova,  Evers  46327  (ILLS),  94325  (ILLS),  Chase  12381  (ILL);  Hillsdale,  E.  & 
G.  Fell  4768  (ISM).  SANGAMON:  Sangamon  River  Woods,  Westora  s.n.  (ILL); 
Woodside,  Fuller  7069  (ISM);  Gardner,  Fuller  4198  (ISM);  Cooper,  Fuller  3574 
(ISM);  Berlin,  Winterringer  9930  (ISM);  Rochester,  Winterringer  14542  (ISM). 
SCHUYLER:  Beardstown,  Fuller  11554  (ISM);  Littleton,  Winterringer  20332 
(ISM);  Rushville,  Winterringer  17958  (ISM),  17980  (ISM).  SCOTT:  Exeter, 
Rexroat  3758  (ISM).  SHELBY:  Lakewood,  Evers  36886  (ILLS).  STARK:  Wady 
Petra,  Chase  s.n.  (F,  ILL).  St.  CLAIR:  Scott  Field,  Neill  s.n.  (ILLS). 
STEPHENSON:  Freeport,  Evers  9444  (ILLS);  Damascus,  Evers  37610  (ILLS), 
Cedarville,  Evers  64100  (ILLS),  86815  (ILLS);  Ridott,  Ahles  4527  (ILL); 
Baileyville,  Koelling  2658  (ISM);  Lena,  Koelling  3072  (ISM).  VERMILION: 
Collison,  Evers  112818  (ILLS);  Langley  Bottoms,  Parnarauskis  s.n.  (ILL); 
Kickapoo  State  Park,  Jones  44361  (ILL);  Vermilion  River,  Jones  11720  (ILL). 
WHITESIDE:  Fulton,  Evers  90601  (ILLS),  94293  (ILLS).  WILL:  Joliet,  Skeels 
227  (F),  Shaw  s.n.  (F),  W.  U.  C.  7  (F).  WINNEBAGO:  Rockford,  Hawkins  s.n. 
(ILLS),  Fuller  1309  H  (ILLS),  Fuller  &  Haime  1390  H  (ISM),  1574  H  (ISM),  E. 
Fell  4572  (ISM);  Kishwaukee  River,  E.  &  G.  Fell  46213  (ISM).  WOODFORD: 
Cazenovia,  Chase  4961  (ILL). 
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CALCAENEA  OF  DOMESTIC  DOGS 
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ABSTRACT 

The  calcanea  of  domestic  dogs  are  described  and  compared  to  those  of  the 
wolf  and  coyote. 


INTRODUCTION 

Domestic  dogs  ( Canis  domesticus)  have  been  tamed  and  fed  by  man  while 
being  kept  as  a  pet.  Most  crosses  have  been  with  the  timber  wolf  (Canis  lupus) 
with  many  breeds  known  to  have  been  formed  by  such  crosses.  Crosses  have  also 
been  made  with  the  coyote  (Canis  latrans)  although  no  known  domestic  breed  has 
resulted  from  such  crosses.  Natural  wild  crosses  have  been  called  “coy-dogs”. 

MATERIALS  AND  METHODS 

Calcanea  of  various  breeds  of  dogs  were  studied.  The  specimens  were 
borrowed  from  the  Peabody  Museum  (PM),  American  Museum  (AM),  National 
Museum  (NM)  and  the  Philadelphia  Academy  of  Science  (PAS).  All  measurements 
listed  in  Tables  1  and  2  were  taken  with  Helios  dial  calipers. 

WILD  ANCESTORS 

Calcanea  of  canine  ancestors  have  been  discussed  by  Stains  (1975) .  The  closest 
relatives  of  the  domestic  dog  are  the  wolf  and  the  coyote.  Domestic  dogs  of  wolf 
origin  were  probably  the  huskies,  samoyes,  chows,  pomeranians,  elkhounds, 
collies,  alsatian,  corgis,  schipperkes,  terriers,  greyhounds,  setters,  spaniels, 
pointers,  retrivers,  mastiffs,  bulldogs  and  true  hounds  (Fiennes  and  Fiennes, 
1968). 


DOMESTIC  BREEDS 

The  largest  breeds  examined  were  the  Great  Dane  and  St.  Bernard.  The 
cuboid  surface  is  wider  than  long  in  the  Great  Dane  and  longer  than  wide  in  the 
Scotch  Deerhound.  The  anterior  articular  surface  is  divided  into  two  parts  and 
usually  the  upper  part  is  longer  than  the  lower  part.  There  is  a  third  surface 
between  the  cuboid  and  the  lower  part  of  the  anterior  articular  surface,  thus  the 
cuboid  surface  appears  continuous  with  the  anterior  articular  surface. 
Measurements  of  calcanea  are  presented  in  Table  1  and  indices  in  Table  2. 

Following  are  50  breeds  of  dogs  whose  calcanea  are  briefly  described. 

GREAT  DANE.  (PM  1362).  The  Great  Dane  has  a  calcaneum  with  a 
rounded  and  small  anterior  articular  surface  with  the  greatest  length  of  the  upper 
part  of  5.0mm  and  the  lower  2.8mm.  The  upper  2.1mm  of  the  medical  articular 
surface  is  curved  over  slightly  at  a  150°  angle.  The  cuboid  surface  is  heart-shaped 
and  wider  than  long.  The  trochlear  process  is  bulbous  with  a  slight  slope  at  the 


39 


40 


H.  J.  Stains 


lower  end  and  ending  in  the  upper  one-half  of  the  lower  part  of  the  posterior 
articular  surface.  The  widest  part  of  the  trochlear  process  is  half-way  between  the 
end  of  the  bone  and  the  lower  end  of  the  medial  articular  surface;  being  closer  to 
the  anterior  articular  surface. 

ST.  BERNARD  (PM  #2569,  PAS  #4989).  The  St.  Bernard  is  the  largest  breed 
examined.  The  widest  area  of  the  posterior  articular  surface  is  even  with  or 
slightly  below  the  end  of  the  medial  articular  surface.  The  cuboid  surface  is  longer 
than  wide.  The  trochlear  process  is  bulbous,  sloping  at  the  lower  end  of  the  cuboid 
surface  and  ending  at  the  upper  end,  Va-way  up  the  lower  end  of  the  posterior 
articular  surface. 

SCOTCH  DEERHOUND  (NM  238168).  The  anterior  articular  surface  is  in 
two  parts,  the  greatest  length  of  the  upper  part  is  8.4mm  and  the  lower  6.6mm. 
The  cuboid  surface  is  longer  than  wide.  The  trochlear  process  is  bulbous,  the 
widest  part  being  the  lower  end  of  the  medial  articular  surface  and  the  upper  end 
of  the  anterior  articular  surface  to  which  it  is  slightly  closer.  Calcanea  of  the 
Scotch  Deerhound  are  similar  to  the  St.  Bernard  but  lacks  the  second  (upper) 
enlargement  of  the  trochlear  process. 

RUSSIAN  WOLFHOUND  (AM  139940);  NM  269321,  291144).  The 
calcaneum  is  slender  and  elongate.  The  anterior  articular  surface  is  small  and 
composed  of  two  parts:  5.1mm  upper  and  2.6mm  lower  which  is  rolled;  not 
obvious  in  some.  The  upper  3.5mm  of  the  medical  articular  surface  is  slightly 
curved  at  a  150°  angle. 

GERMAN  SHEPHERD  (AM  165623).  The  anterior  articular  surface  is  in  two 
parts  forming  a  nearly  smooth  curve,  the  upper  part  7.1mm  long  and  the  lower 
5.0mm  long.  Both  the  cuboid  and  anterior  articular  surfaces  are  distinct  and 
separate.  The  trochlear  process  is  slight  with  the  widest  point  near  the  center  of 
the  anterior  articular  surface. 

FOXHOUND  (PM  2681).  The  anterior  articular  surface  is  in  two  parts: 
Upper  7.2mm  with  1.7mm  curved  over  at  a  135°  angle  and  lower  part  5.1mm. 
There  is  a  third  surface  between  the  cuboid  and  the  lower  part  of  the  anterior 
articular  surface.  The  trochlear  process  is  small  with  the  widest  part  even  with  or 
slightly  below  the  upper  edge  of  the  anterior  articular  surface. 

MASTIFF  (NM  22249).  The  anterior  articular  surface  is  in  two  parts  but 
tends  to  be  rounded  and  quite  small,  upper  part  3.8mm  and  lower  4.2mm;  medial 
articular  surface  with  the  upper  2.6mm  curved  at  a  145°  angle.  The  cuboid 
surface  is  spade-shaped  with  the  width  across  the  exterior  part  of  the  surface  of 
13.6mm.  The  trochlear  process  is  slight  with  the  widest  part  even  with  or  slightly 
above  the  upper  edge  of  the  anterior  articular  surface.  The  body  is  enlarged  giving 
the  bone  a  massive  appearance. 

BLOODHOUND  (PM  1942).  The  anterior  articular  surface  with  two  parts: 
the  upper  6.5mm  long  and  the  lower  4.0mm  long.  The  upper  3.2mm  of  the  medial 
articular  surface  is  curved  over  at  a  125°  angle.  The  medial  articular  surface  is 
distinct  and  sets  well  above  on  the  sustentaculum.  The  trochlear  process  is  distinct 
but  small  and  widest  at  a  point  near  the  center  of  the  anterior  articular  surface. 

NEWFOUNDLAND  (AM  147899,  NM  21992).  The  anterior  articular  surface 
is  in  two  parts:  upper  7.1mm,  lower  4.7mm  and  curves  into  the  cuboid  surface. 
Medial  articular  surface  is  curved  over  proximally  at  130°  angle.  There  is  a 
smooth  area  between  the  cuboid  and  the  lower  part  of  the  anterior  articular 
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surface.  Trochlear  process  small  and  widest  near  the  upper  part  of  the  anterior 
articular  surface. 

SALUKI  (AM  120450).  The  anterior  articular  surface  is  7.1mm  for  the  upper 
part  and  6.8mm  for  the  lower.  The  medial  articular  surface  has  a  well-developed 
3.8mm  turned  area  on  the  proximal  edge.  The  cuboid  surface  is  continuous  with 
the  anterior  articular  surface.  The  trochlear  process  is  widest  at  a  point  even  with 
the  proximal  end  of  the  anterior  articular  surface. 

OTTERHOUND  (NM  283103).  The  anterior  articular  surface  is  6.3mm  for 
the  upper  and  5.4mm  for  the  lower  part  which  slopes  abruptly  into  the  cuboid. 
The  medial  articular  surface  has  a  slight  curve  of  1.6mm  at  a  140°  angle.  The 
cuboid  surface  has  an  obvious  dip  between  the  cuboid  and  the  anterior  articular 
surface. 

GREYHOUND  (NM  22308,  22690,  261035).  The  trochlear  process  is  widest 
near  the  upper  edge  of  the  anterior  articular  surface.  The  anterior  articular 
surface  is  6.1mm  in  greatest  length  of  the  upper  surface  and  4.3  mm  for  the  lower 
which  is  rather  indistinct  and  insignificant  as  a  rounded  knob.  The  medial 
articular  surface  has  a  slight  turning  of  one  corner  in  some.  The  cuboid  surface  is 
either  separate  or  continuous  with  the  anterior  articular  surface. 

SCOTCH  COLLIE  (NM  241137,  AM  14044).  The  anterior  articular  surface 
is  in  two  parts:  5.5mm  long  for  upper  and  4.9mm  for  lower  which  tends  to  be 
continuous  with  the  cuboid  surface.  The  medial  articular  surface  has  the  upper 
2mm  curved  over  a  130°  angle. 

LABRADOR  HUSKY  (NM  2600).  The  anterior  articular  surface  is  5.3mm  for 
the  length  of  the  upper  surface  and  14.1mm  for  the  lower.  The  medial  articular 
surface  is  continuous  with  the  anterior  articular  surface  with  a  dip  present.  The 
trochlear  process  is  obvious,  the  widest  between  the  anterior  and  medial  articular 
surfaces  but  nearer  the  anterior  articular  surface. 

GORDON  SETTER  (NM  2566).  The  anterior  articular  surface  is  slightly 
rounded  and  prominent,  upper  part  10.0mm,  lower  6.7mm.  The  medial  articular 
surface  with  a  distinct  separation  between  the  cuboid  surface  and  the  lower  part 
of  the  anterior  articular  surface.  The  troclear  process  is  bulbous,  being  widest  level 
with  the  proximal  edge  of  the  anterior  articular  surface. 

POINTER  (NM  2616).  Anterior  articular  surface  a  small  knob  with  3.4mm 
upper  and  3.6mm  lower.  Medial  articular  surface  not  turned.  The  trochlear 
process  is  bulbous  and  widest  between  the  anterior  and  medial  articular  surfaces. 

ARKANSAS  COONHOUND  (NM  2431).  The  anterior  articular  surface  is 
5.3mm  long  for  the  upper  part  and  6.0mm  for  the  lower  which  is  also  wider.  The 
medial  articular  surface  with  the  upper  2.9mm  curved  over  at  a  120°  angle.  The 
trochlear  process  is  small,  being  widest  at  a  level  between  the  anterior  and  medial 
articular  surfaces. 

BLUE  MERLE  COLLIE  (AM  145123).  The  anterior  articular  surface  has  a 
length  of  4.1mm  for  the  upper  half  and  3.4mm  for  the  knoblike  lower  half.  The 
trochlear  process  is  more  obvious  than  in  most  dogs,  the  widest  part  being 
between  the  medial  and  anterior  articular  surfaces. 

BOXER  (AM  150052).  The  anterior  articular  surface  is  5.3mm  for  the  upper 
part  and  4.3  for  the  lower  which  is  not  prominent.  The  medial  articular  surface 
has  2.5mm  of  the  tip  rolled.  The  cuboid  surface  is  continuous  with  the  anterior 
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articular  surface  with  a  dip  present.  The  trochlear  process  is  widest  between  the 
anterior  and  medial  articular  surfaces. 

GIANT  SCHNAUSER  (NM  2564).  The  anterior  articular  surface  is  5.1mm 
for  the  upper  part  and  3.5mm  for  the  lower  with  a  small  knob.  Medial  articular 
surface  with  2.8mm  of  the  upper  part  slightly  turned.  The  cuboid  surface  is 
continuous  with  the  anterior  articular  surface  with  a  slight  dip.  The  trochlear 
process  is  low  with  the  widest  point  within  the  anterior  articular  surface. 

CLIMBER  SPANIEL  (NM  2664).  The  anterior  articular  surface  of  5.9mm 
for  the  upper  part  and  4.2mm  for  the  lower.  Medial  articular  surface  with  a 
gradual  rolling  of  the  upper  edge.  The  cuboid  surface  is  continuous  with  the 
anterior  articular  surface  with  a  prominent  dip  between.  The  trochlear  process  is 
slight  with  the  widest  part  between  the  center  and  upper  edge  of  the  anterior 
articular  surface. 

DALMATIAN  (NM  130219).  Anterior  articular  surface  of  two  parts:  length 
of  upper  5.5mm  and  lower  5.0mm  which  curves  into  the  cuboid  surface.  Medial 
articular  surface  with  1.5mm  of  the  upper  edge  curving  over  at  a  133°  angle.  The 
cuboid  surface  is  not  so  distinct  as  in  the  calcaneum  of  the  Newfoundland.  The 
trochlear  process  is  prominent  and  widest  near  or  slightly  proximal  to  the 
proximal  edge  of  the  anterior  articular  surface. 

BASSET  (NM  2611).  The  anterior  articular  surface  has  a  4.6mm  upper  part 
and  a  3.6mm  lower  which  forms  a  rolled  knob.  The  medial  articular  surface  with 
a  tip  of  2. 1mm  rolled.  The  cuboid  surface  is  in  two  parts  which  was  not  noticed  in 
any  other  dog.  One  part  is  the  true  cuboid  9.3mm  long  and  7.9mm  wide;  the  other 
part  is  3.5mm  long  and  is  continuous  with  the  anterior  articular  surface;  if  the 
space  between  these  two  surfaces  is  included,  the  length  is  13.3mm.  The  trochlear 
process  is  widest  even  with  the  upper  edge  of  the  anterior  articular  surface. 

IRISH  SETTER  (NM  20979,  21997).  The  anterior  articular  surface  is  4.4mm 
for  the  upper  part  and  2.4mm  for  the  lower  which  is  rolled  and  difficult  to 
distinguish.  The  medial  articular  surface  has  a  turn  of  about  130°  angle  at  about 
half  the  width.  The  trochlear  process  is  widest  at  the  center  of  the  anterior 
articular  surface  or  between  the  anterior  and  medial  articular  surfaces. 

,  AFGHAN  SPANIEL  (NM  22252,  AM  100231).  The  medial  articular  surface 
has  a  slight  turning  of  the  edge.  The  cuboid  surface  is  continuous  with  the  anterior 
articular  surface  with  little  or  no  dip.  The  trochlear  process  is  widest  below  the 
center  of  the  anterior  articular  surface. 

MEXICAN  PIT  BULL  (NM  1452).  The  upper  part  of  the  anterior  articular 
surface  is  3.7mm  and  the  lower  3.0mm  and  poorly  developed;  the  medial  articular 
surface  has  2.4mm  of  the  shallow  surface  turned;  the  cuboid  surface  is  continuous 
with  the  anterior  articular  surface  with  a  prominent  dip.  The  trochlear  process  is 
widest  between  the  anterior  and  medial  articular  surfaces. 

SAMOYEDE  (NM  1897).  The  anterior  articular  surface  is  5.1mm  for  the 
upper  segment  and  4.5mm  for  the  lower.  The  upper  0.9mm  of  the  medial 
articular  surface  is  turned.  The  cuboid  surface  is  separate  from  the  anterior 
articular  surface.  The  trochlear  process  is  widest  within  the  anterior  articular 
surface. 

BEDDINGTON  TERRIER  (AM  99635).  The  anterior  articular  surface  has  a 
4.1mm  upper  part  and  a  3.6mm  lower  part  which  is  rather  small.  The  medial 
articular  surface  has  one  corner  slightly  rolled.  The  cuboid  surface  is  continuous 
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with  the  anterior  articular  surface  with  a  slight  dip.  The  trochlear  process  is 
rather  distinct  as  in  the  Irish  terrier,  the  widest  part  being  between  the  anterior 
and  medial  articular  surfaces. 

IRISH  TERRIER  (AM  90154,  90155).  Anterior  articular  surface  with  upper 
part  5.35mm  and  lower  4.75mm;  medial  articular  surface  with  1.35mm  rolled. 
Cuboid  surface  continuous  with  the  anterior  articular  surface  with  an  obvious 
dip.  The  trochlear  process  is  more  prominent  than  in  most  dog  calcanea  and 
widest  near  the  upper  edge  of  the  anterior  articular  surface  with  a  slightly  less 
widening  at  the  cuboid  surface. 

KERRY  BLUE  TERRIER  (NM  2421).  The  calcaneum  is  extremely  rugose 
which  affects  the  accuracy  of  width  measurements.  The  anterior  articular  surface 
is  4.2mm  in  greatest  length  for  the  upper  part  and  3.4mm  for  the  lower  which  is 
rather  small.  The  medial  articular  surface  has  an  obvious  dip.  The  trochlear 
process  is  completely  covered  by  a  rugose  abscess. 

BLACK  CHOW  (NM  2347).  The  anterior  articular  surface  has  an  upper 
length  of  5.1mm  and  a  lower  of  4.1mm,  the  lower  being  much  wider  than  the 
upper.  The  medial  articular  surface  with  a  turning  of  1.5mm.  The  cuboid  surface 
is  continuous  with  the  anterior  articular  surface  with  a  slight  dip.  The  trochlear 
process  is  widest  between  the  anterior  and  medial  articular  surfaces  but  nearer  the 
anterior  surface. 

WHIPPET  (AM  35156).  The  anterior  articular  surface  is  3.6mm  long  for  the 
upper  part  and  1.9mm  for  the  lower  (small  and  rolled).  The  medial  articular 
surface  has  an  additional  2mm  turned  over  the  edge.  The  cuboid  surface  is 
continuous  with  the  anterior  articular  surface.  The  trochlear  process  is  widest  at  a 
point  near  the  center  of  the  anterior  articular  surface. 

SPITZ  (NM  187976,  187977).  The  anterior  articular  surface  is  4.35mm  for 
the  upper  part  and  3.8mm  for  the  lower  with  the  lower  much  broader  than  the 
upper;  medial  articular  surface  has  little  obvious  turning;  cuboid  surface 
continuous  with  the  anterior  articular  surface  which  contains  an  obvious  dip; 
trochlear  process  is  indistinct  with  the  widest  point  within  the  anterior  articular 
surface. 

MEXICAN  HAIRLESS  CHIHUAHUA  (NM  270260).  The  anterior  articular 
surface  has  measurements  of  3.0mm  for  the  length  of  the  upper  part  and  2.7mm 
for  the  lower  which  is  a  small  knob;  medial  articular  surface  with  the  upper 
1.5mm  rolled;  cuboid  surface  continuous  with  the  anterior  articular  surface  with 
a  prominent  dip.  The  trochlear  process  is  not  obvious,  but  widest  at  the  cuboid 
level. 

ITALIAN  GREYHOUND  (NM  35140).  The  anterior  articular  surface  has  a 
greatest  length  of  the  upper  of  2.4mm  and  for  the  lower  part  2.3mm.  The  medial 
articular  surface  with  the  upper  2mm  folded.  The  cuboid  surface  is  continuous 
with  the  anterior  articular  surface  with  a  slight  dip.  The  trochlear  process  is 
widest  between  the  anterior  and  medial  articular  surfaces. 

BULL  TERRIER  (AM  70118,  NM  29115).  The  anterior  articular  surface  is 
3.9mm  in  greatest  length  of  the  upper  part  and  3.2mm  for  the  lower.  The  cuboid 
surface  is  continuous  with  the  anterior  articular  surface  with  a  prominent  dip. 
The  trochlear  process  is  widest  between  the  anterior  and  medial  articular 
surfaces. 
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WIRE-HAIRED  FOX  TERRIER  (AM  90162,  99603).  The  anterior  articular 
surface  has  a  greatest  length  of  the  upper  part  of  4.2mm  and  for  the  lower  part, 
2.7mm;  medial  articular  surface  has  no  turning;  cuboid  surface  continuous  with 
the  anterior  articular  surface  with  a  distinct  dip.  The  trochlear  process  is  distinct, 
being  widest  between  the  anterior  and  medial  articular  surfaces. 

SCOTCH  TERRIER  (AM  90212,  100216).  The  anterior  articular  surface  is 
2.2mm  in  length  of  both  the  upper  and  lower  sections;  the  medial  articular 
surface  may  be  rolled  slightly  with  1.5mm;  the  cuboid  surface  is  continuous  with 
the  anterior  articular  surface  with  a  prominent  dip;  the  trochlear  process  is 
distinct  and  low  near  the  center  of  the  anterior  articular  surface  or  between  the 
anterior  and  medial  articular  surfaces. 

SKYE  TERRIER  (NM  21993).  The  anterior  articular  surface  is  extremely 
small  with  the  upper  3.1mm  in  length  and  the  lower  1.1mm.  The  medial  articular 
surface  with  a  slight  rolling  of  1.3mm.  The  cuboid  surface  is  continuous  with  the 
anterior  articular  surface  with  a  prominent  dip.  The  trochlear  process  is  widest  at 
a  point  within  the  anterior  articular  surface. 

LHASE  TERRIER  (AM  143519).  The  anterior  articular  surface  is  4.6mm  for 
the  upper  part  and  5.3mm  for  the  lower.  The  medial  articular  surface  with 
1.6mm  of  the  upper  part  rolled.  The  cuboid  surface  is  continuous  with  the 
anterior  articular  surface  with  a  prominent  dip.  The  trochlear  process  is  distinct 
and  widest  near  the  center  of  the  anterior  articular  surface. 

MEXICAN  HAIRED  DOG  (NM  270172).  The  anterior  articular  surface  is 
2.4mm  for  the  upper  part  and  1.6mm  for  the  lower;  the  medial  articular  surface 
with  the  upper  1.9mm  rolled.  The  cuboid  surface  is  continuous  with  the  anterior 
articular  surface  with  a  prominent  dip.  The  trochlear  process  is  widest  within  the 
anterior  articular  surface. 

ENGLISH  TOY  SPANIEL  (NM  2576).  The  anterior  articular  surface  is 
3.3mm  for  the  upper  part  and  3.1mm  for  the  lower  which  forms  a  rolled  curve; 
medial  articular  surface  with  a  slight  turning  of  2.1mm;  the  cuboid  surface  is 
continuous  with  the  anterior  articular  surface  with  a  slight  dip.  The  trochlear 
process  is  widest  near  the  mid  point  of  the  anterior  articular  surface. 

PEKINESE  (AM  35171,  90188,  100188).  The  anterior  articular  surface  is 
3.6mm  for  the  upper  and  3.7mm  for  the  lower  with  a  tendency  for  an  additional 
surface  to  the  left  of  the  upper  surface;  a  medial  articular  surface  with  little  or  no 
rolling;  the  cuboid  surface  is  continuous  with  the  anterior  articular  surface  with  a 
slight  dip.  The  trochlear  process  is  widest  within  the  anterior  articular  surface  or 
between  the  anterior  and  medial  articular  surface. 

POMERANIAN  (NM  61588).  The  anterior  articular  surface  is  2.1mm  for  the 
upper  part  and  2.3mm  for  the  lower.  The  medial  articular  surface  with  1.4mm 
slightly  rolled.  The  cuboid  surface  continues  with  the  anterior  articular  surface 
with  a  prominent  dip.  The  trochlear  process  is  widest  near  the  upper  edge  of  the 
anterior  articular  surface. 

MEXICAN  CHIHUAHUA  (NM  258307) .  The  anterior  articular  surface  has  a 
greatest  length  of  the  upper  part  of  2.2mm  and  for  the  lower  part  2.3mm.  The 
medial  articular  surface  with  the  upper  1.2mm  folded.  The  cuboid  surface 
continuous  with  the  anterior  articular  surface  with  a  slight  dip.  The  trochlear 
process  is  widest  between  the  anterior  and  medial  articular  surfaces. 
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MALTESE  (NM  61587).  The  anterior  articular  surface  is  2.0mm  for  the 
upper  part  and  1.7mm  for  the  lower  which  is  very  small.  The  medial  articular 
surface  with  1.5mm  rolled.  The  cuboid  surface  is  continuous  with  the  anterior 
articular  surface  with  a  slight  dip.  The  trochlear  process  is  widest  near  the  upper 
end  of  the  anterior  articular  surface. 

CHIHUAHUA  (NM  35387,  42897,  90210,  90231,  99658,  100132).  The 
medial  articular  surface  with  the  upper  part  folded  in  most  specimens;  anterior 
articular  surface  2.4mm  upper  and  2.15mm  lower;  cuboid  surface  continuous 
with  the  anterior  articular  surface  with  a  slight  dip;  wider  near  the  anterior 
articular  than  below.  The  trochlear  process  is  usually  even  with  the  upper  edge  of 
the  anterior  articular  surface. 


SUMMARY 

Wild  canids  have  shorter  (17-66mm)  calcanea  than  domestic  dogs 
(17-73mm),  lower  dorso-ventral  height  (wild  7  to  28mm;  domestic  11  and  32mm), 
a  narrower  least  width  of  body  (2  to  12mm  in  wild  canids;  3  to  15mm  in 
domesticated  dogs);  a  narrower  width  (7  to  29mm  in  wild;  7  to  33  in 
domesticated) .  A  collie-coyote  cross  is  closer  to  the  calcaneum  of  the  Blue  Merle 
Collie  than  the  Scotch  Collie.  A  pointer-coyote  cross  is  closer  in  size  of  calcaneum 
with  the  posterior  and  medial  articular  surfaces  narrower  but  similar;  the  coyote 
calcaneum  is  much  smaller.  Wild  killed  coyotes  of  unknown  but  suspected  crosses 
ranged  between  44.7  and  51.6mm  in  total  length,  13.3  to  21.0  in  dorso-ventral 
height,  61.  to  8.0mm  in  least  width  of  body,  and  16.4  to  20.5mm  in  width. 
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Figure  1.  Stains  “Calcanea  of  Domestic  Dogs” 

Row  One.  St.  Bernard,  Great  Dane,  Russian  Wolfhound,  Scotch 

Deerhound,  Mastiff,  Foxhound,  German  Shepherd, 
Bloodhound,  Newfoundland,  Scotch  Collie,  Saluki. 

Row  Two.  Dalmatian,  Pointer,  Afghan  Spaniel,  Labrador  Husky, 
Arkansas  Coonhound,  Boxer,  Giant  Schnauser,  Blue  Merle 
Collie,  Irish  Setter,  Greyhound,  Climber  Spaniel,  Gordon 
Setter,  Otterhound,  Basset,  Mexican  Pit  Bull,  Bulldog. 

Row  Three.  Samoyede,  Black  Chow,  Beddington  Terrier,  Kerry  Blue 
Terrier,  Whippet,  Irish  Terrier,  Spitz,  Mexican  Hairless 
Chihuahua,  Scotch  Terrier,  Bull  Terrier,  Wire-haired 
Terrier,  Italian  Greyhound,  Skye  Terrier,  Lhase  Terrier, 

Mexican  Haired  Dog,  English  Toy  Terrier,  Pekinese, 

Mexican  Chihuahua,  Pomeranian,  Chihuahua,  Maltese. 


Table  I.  Measurements  of  Calcanea  of  Domestic  Dogs  and  Ancestral  Canids. 
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TEMPERATURE  PATTERNS 
IN  CHAMP AIGN-URRANA, 
WINTER  1978-79 


by 

Douglas  M.  A.  Jones 
Illinois  State  Water  Survey 
Champaign,  Illinois  61820 


ABSTRACT 

The  records  from  seven  temperature  recorders  sited  about  the  contiguous 
cities  of  Champaign  and  Urbana,  Illinois,  were  analyzed  to  show  thermal  patterns 
which  might  suggest  the  dynamics  of  the  heat  island  under  varying  winds.  The 
period  of  study  was  December  1978  through  April  1979,  the  seventh  coldest  and 
the  fifth  snowiest  winter  in  the  history  of  the  Urbana  weather  station.  Particular 
emphasis  was  placed  upon  the  movement  of  the  heat  plume  with  the  different 
wind  directions  and  the  time  of  day.  The  heat  island  was  most  intense  at  0300  CST 
during  nights  with  no  measurable  wind  and  cold  ambient  temperatures.  The  heat 
plume  was  found  to  be  deflected  downwind  with  the  prevailing  wind.  The 
distributed  anthropogenic  heat  sources  of  the  two  cities  were  usually  masked  by 
solar  heating  during  the  daytime  hours  to  the  extent  that  a  center  of  the  urban 
heat  island  was  not  always  apparent. 


INTRODUCTION 

The  influence  of  man  and  his  activities  upon  the  local  environment  has  been 
recognized  for  many  years.  Chandler  (1970)  quoted  John  Evelyn,  writing  in  1661 
about  London,  “The  weary  traveler,  at  many  miles  distance,  sooner  smells  than 
sees  the  city  to  which  he  repairs.  This  is  that  pernicious  smoke  which  foils  all  her 
Glory  superinducing  a  sooty  crust  upon  all  that  it  lights”.  In  a  later  period  I  have 
had  the  experience,  while  in  school  in  Chicago,  of  enjoying  the  transition  from 
oppressive  re-radiation  of  the  sun’s  heat  from  the  brick  apartment  houses  lining 
the  city  streets,  to  the  cooler  environment  of  temporary,  wooden  housing  for 
student  war  veterans.  The  transition  was  particularly  noticeable  on  a  calm 
summer  evening.  Such  a  cool  oasis  within  the  surrounding  city  is  the  opposite 
from  the  more  normally  experienced  transition  from  the  cooler  rural  areas  to  an 
urban  area. 

Generally,  it  has  been  noted  that  the  intensity  of  an  urban  heat  island 
increases  as  the  size  of  the  city  increases.  It  is  convenient  to  express  this  growth 
parameter  in  terms  of  population  change.  Oke  (1973)  has  found  that  there  is  a 
relationship  between  the  base  10  logarithm  of  the  population  and  the  intensity  of 
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the  heat  island  in  degrees  Celsius.  For  North  American  cities  this  relationship  was 
found  to  be 

ATu_r(max)  =  2.96  log  P  -  6.41. 

European  cities  were  found  to  have  the  relationship 

ATu_r(max)  =  2.01  log  P  -  4.06. 

It  is  not  known  why  the  European  cities  have  a  lower  rate  of  increase  with 
increasing  population  than  North  American  cities;  but  Oke  suspected  that  it  is 
related  to  the  density  of  the  buildings  in  the  central  core  of  the  city,  i.e.,  North 
American  cities  tend  to  have  a  greater  concentration  of  tall  buildings  in  their 
central  cores. 

In  1979  the  contiguous  cities  of  Champaign  and  Urbana  in  East  Central 
Illinois  had  a  combined  population  of  95,800.  The  average  commercial  building 
height  is  three  floors.  By  Oke’s  equation  the  intensity  of  the  heat  island  for  the  two 
cities  should  be  about  8.3°C.  The  greatest  temperature  difference  observed  during 
the  operation  of  a  special  temperature-recording  network  in  this  study  was  6.8 °C 
at  0300  CST  on  January  1979.  As  with  the  Oke  equation,  there  was  no  wind  to 
disturb  the  intensity  of  the  heat  island.  It  is  likely  that  the  lack  of  heavy  industry 
and/or  a  centralized  heat  source  in  the  two  cities  is  the  reason  that  the  heat  island 
is  not  as  intense  as  the  average  of  comparably-sized  cities  in  North  America.  It  is 
interesting  that  according  to  Oke,  a  European  city  with  the  population  of 
Champaign-Urbana  should  experience  a  maximum  heat  island  of  6.0 °C,  which  is 
reasonably  close  to  the  measured  value  for  Champaign-Urbana. 

A  limited  study  of  the  rural-urban  temperature  differences  for  Champaign- 
Urbana  was  reported  by  Changnon  (1961).  That  study  reported  only  average 
temperature  differences  at  2-hr  intervals  for  the  four  seasons  of  one  year.  Thus, 
the  study  did  not  address  the  instantaneous  maximum  temperature  difference. 
The  study  did  discuss  the  march  of  temperature  from  the  records  of  three  urban 
and  one  rural  station.  The  growth  of  the  cities  in  both  area  and  population  has 
been  significant  since  1961. 

In  1979  the  combined  area  of  Champaign-Urbana  was  about  35  km2 .  The 
cities  consist  of  one-  and  two-storied  family  homes  with  a  scattering  of  two-  and 
three-storied  multi-family  units.  Figure  1  shows  the  more  concentrated  heat 
sources  and  the  areas  paved  with  bituminous  material,  generally  the  parking  lots 
of  shopping  areas.  In  essence,  as  a  heat  source,  the  two  cities  may  be  pictured  as  a 
uniformly  heated  flat  plate  with  randomly  serrated  edges.  The  major  axis  is  east- 
west. 


DATA  AND  DATA  REDUCTION 

A  mesonetwork  of  recording  thermometers  was  installed  in  the  Champaign- 
Urbana  area  through  the  winter  of  1978-79.  Seven  hygrothermographs  (locations 
show  in  Figure  1)  meeting  NWS  Specification  No.  450.8202  were  installed  in 
Cotton  Region  Shelters  with  maximum  and  minimum  thermometers  in  Townsend 
supports,  including  the  University  of  Illinois  Morrow  Plots  Weather  Station.  It  has 
been  in  continuous  operation  since  1886  and  has  been  designated  a  Benchmark 
Station  by  the  Environmental  Data  Service  of  the  National  Oceanic  and 
Atmospheric  Administration. 
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The  mesonetwork  lacked  sufficient  sites,  particularly  in  the  northeast  and 
south  to  fully  delineate  the  true  shape  of  the  heat  island  or  islands.  Early  in  the 
data  collection  period,  there  was  a  rural  station,  R,  west  of  the  cities.  On  the  few 
occasions  when  data  were  available  from  this  site,  the  additional  information 
indicated  that  the  isotherms  tended  to  coincide  with  the  periphery  of  the  city. 
Therefore,  the  isotherm  analysis  was  performed  with  the  shape  of  the  cities  in 
mind. 

The  six  additional  stations  were  serviced  once  each  week  to  change  the  176-hr 
chart,  record  the  maximum  and  minimum  temperatures  for  the  week,  and  reset 
the  thermometers.  The  maximum  and  minimum  temperature  readings  were  used 
to  establish  regression  relationships  for  the  thermograph  recordings  to  calibrate 
the  network  records  to  a  common  temperature  standard  of  1°C.  In  addition,  all 
recorders  were  checked  on  a  cloudy  day  against  a  standard  mercurial 
thermometer  whose  indications  are  traceable  to  the  U.  S.  National  Bureau  of 
Standards.  A  few  sites,  particularly  C  and  J  were  visited  several  times  during  the 
week  and  the  daily  maximum  and  minimum  temperatures  noted  on  the 
thermograph  charts  on  those  visits.  Analyses  of  the  humidity  traces  were  not 
attempted  because  of  the  gross  lag  of  the  hair  hygrograph  at  temperatures  below 
freezing. 

It  seems  plausible  that  any  anthropogenic  heat  source  related  to  the  two  cities 
should  be  advected  downwind  in  a  direction  dictated  by  the  wind  immediately 
prior  to  and  prevalent  at  the  time  of  observation.  Nkemdirim  (1976)  reported  the 
tilting  of  the  plume  above  Calgary,  Alberta,  with  the  tilt  in  the  direction  of  wind 
flow.  His  surface  measurements  were  insufficient  to  delineate  any  shifting  by  the 
wind  of  the  sensible  heat  away  from  its  source. 

Wind  recordings  were  available  for  this  study  from  an  Aerovane  anemograph 
system  installed  on  a  3-m  mast  above  the  highest  portion  of  the  roof  of  the  Water 
Resources  Building,  0.9  km  north-northwest  of  the  Morrow  Plots  Station,  P.  The 
wind  records  were  reduced  by  manually  scanning  clock-hourly  periods  and 
estimating  the  speed  and  direction  for  each  hour.  Speed  was  estimated  to  whole 
statute  miles  per  hour  and  direction  to  an  eight-point  compass.  Obviously,  many 
small-scale  features  of  the  wind  field  were  smoothed  from  the  record.  However,  it 
is  believed  that  the  available  detail  from  the  smoothed  records  is  sufficient  for  this 
study  of  the  clock-hour  temperatures  measured  at  seven  sites  in  the  cities.  Even 
though  the  temperature  data  used  in  the  study  are  “instantaneous”,  the  lag  of  the 
bourdon  tube  sensors,  the  timing  rate  changes  of  the  mechanical  chart  drives,  and 
the  small  scale  of  the  chart  recordings  integrate  the  temperature  data  over  a 
longer  time. 

The  total  1978-79  winter  wind  records  were  searched  for  extended  periods  of 
constant  wind  direction.  Such  extended  periods  of  nearly  constant  direction  were 
found,  one  for  each  of  the  eight  cardinal  directions  and  one  of  almost  no  wind. 


CLIMATE  OF  WINTER,  1978-79 

The  winter  of  1978-79  was  the  seventh  coldest  and  the  fifth  snowiest  on 
record  at  the  Morrow  Plots  Station.  The  months  are  summarized  in  Table  1. 

Snowcover  was  continuous  from  1  January  through  6  March  with  as  much  as 
44.5  cm  at  the  close  of  January.  This  is  the  greatest  snow  depth  ever  measured  at 
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the  Morrow  Plots  Station.  It  is  not  known  how  this  season  of  below  normal 
temperature  affected  the  distribution  of  temperatures  about  the  two  cities  as 
compared  to  a  more  normal  winter.  Intuitively,  the  intensity  of  the  heat  island 
should  have  been  greater  than  normal  since  more  energy  would  have  been 
required  to  warm  the  buildings  and  would  result  in  a  greater  contrast  with  the 
colder  rural  air. 


RESULTS 

Calm 

The  shape  of  the  heat  envelope  over  the  two  cities  may  be  determined  most 
easily  when  winds  have  been  calm  for  a  period  of  time.  Such  a  period  occurred 
from  2000  CST  of  5  January  until  0900  CST  of  6  January  1979.  The  period  of  calm 
was  in  a  stagnant  high  pressure  cell  after  a  light  continuous  snowfall. 

The  morphological  development  of  the  heat  island  overnight  during  this 
period  of  calm  is  of  interest.  At  1800  CST,  5  January,  the  temperature  field  of  the 
cities  showed  little  contrast  (Figure  2a)  with  only  a  light  wind.  At  2100  CST  an 
hour  of  no  wind  had  passed  and  the  heat  island  was  established  (Figure  2b), 
conforming  to  the  outline  of  the  areas  of  the  cities.  The  lack  of  sufficient  recording 
sites  to  the  north  and  east  of  the  cities  is  obvious  and  limit  definition  of  the 
temperature  field.  However,  an  oval  pattern  is  indicated  with  the  center  of 
warmer  air  somewhere  near  the  centroid  of  the  two  cities. 

The  temperature  gradient  became  most  intense  (6.7°C/3  km)  at  0300  CST,  6 
January  (Figure  2c).  The  timing  of  this  event  is  in  contrast  to  the  conclusion  of 
Oke  and  Maxwell  (1975)  who  found  that  “the  maximum  heat  island  occurred  3-5 
hr  after  sunset  in  both  cities”  (Montreal  and  Vancouver).  However,  Daniel  and 
Krishnamurthy  (1973)  assumed  that  the  maximum  heat  island  intensity  would 
occur  near  sunrise  (0500  1ST)  for  Poona  and  Bombay,  India.  The  temperature 
field  for  0700  CST  is  shown  in  Figure  2d.  The  temperature  gradient  relaxed  when 
the  heat  core  shifted  toward  the  east. 

At  1000  CST  the  hourly-average  wind  was  from  the  southwest  at  1.8  m  s  -  1 
and  the  temperature  pattern  indicated  isothermal  conditions  northwest  of  the 
Morrow  Plots  Station  (P)  and  cooler  temperatures  east  as  shown  in  Figure  2e. 

The  siting  of  the  temperature-measuring  instruments  dictated  that  a 
downwind  displacement  of  the  heat  island  would  be  most  likely  detected  during 
periods  of  northwest,  northeast,  and  southeast  winds.  These  wind  regimes  will  be 
described  next. 

Northwesterly  Winds 

On  25  March  1979  the  area  winds  were  consistently  from  the  northwest  at 
speeds  averaging  between  3.1  and  4.5  ms-1  until  after  sunset  at  1810  CST. 
During  the  evening  the  winds  decreased  to  an  hourly  average  of  1.8-2. 2  ms-1. 
Light  snow  showers  occurred  during  the  day  with  an  accumulated  depth  of  1  cm. 
Gradient  level  air  flow  was  from  the  north-northwest. 

The  temperature  field  during  this  24-hr  period  began  with  the  characteristic 
heat  island  located  just  east  of  the  cities’  center.  This  is  shown  in  Figure  3a  at  its 
maximum  during  the  early  morning  hour  of  0300  CST.  After  sunrise  at  0550  CST 
the  pattern  began  to  change  such  that  the  temperature  gradient  decreased  and  the 
coldest  temperature  was  measured  at  the  P  site  as  shown  in  Figure  3b  for  1000 
CST.  By  1500  CST  there  were  two  areas  of  warmer  temperature,  M  and  J,  with  K 
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in  the  center  of  Champaign  equaling  S  and  C  with  the  coldest  temperatures.  After 
sunset  of  25  March  the  field  reverted  to  the  pattern  of  the  night  before. 

Thus,  it  appears  that  solar  heating  during  the  day  had  the  effect  of  overriding 
the  anthropomorphic  heat  generated  in  the  cities  with  sensible  heat  released  from 
areas  of  lower  albedo.  Since  only  a  trace  of  snow  remained  on  the  ground  by 
sunrise  of  the  next  morning,  selective  melting  of  the  snowcover  could  have 
contributed  to  the  heat  differential  as  evidenced  by  the  cities’  center  being 
warmer  than  the  outlying  areas  from  0900  CST  through  1200  CST.  Another 
possibility  is  that  more  anthropomorphic  heat  was  being  generated  in  the 
residential  neighborhoods  than  in  the  center  of  the  cities  on  that  Sunday.  If  this 
last  possibility  is  a  valid  reason,  the  difference  in  construction  materials,  their  heat 
retention,  and  their  albedo  was  sufficiently  slight  to  permit  the  heat  output  from 
the  commerical  centers  of  the  cities  to  be  reduced  below  that  of  the  residential 
areas  on  this  day.  Vehicular  traffic  is  much  lower  on  Sunday  mornings  so  that  the 
lack  of  this  input  would  be  a  significant  loss  to  the  heating  of  the  commerical  areas 
of  the  cities  by  comparison  with  a  weekday  morning  in  the  winter. 

NORTHEASTERLY  WINDS 

Northeasterly  winds  prevailed  during  the  20-hr  period  from  midnight  of  16 
February  until  2100  CST  of  17  February  1979.  The  winds  turned  to  the  east  after 
2100  CST.  The  period  of  easterly  winds  was  partially  cloudy,  but  without 
precipitation.  There  was  a  depth  of  33  cm  of  snow  on  the  ground.  A  surface  high 
pressure  center  was  over  Lake  Superior  and  easterly  flow  prevailed  at  the  gradient 
level. 

The  orientation  of  the  isotherms  depicted  in  this  situation  (Figure  4a)  was 
displaced  from  that  of  calm  conditions  (Figure  2).  This  configuration  was 
maintained  until  0900  CST  when  the  pattern  flattened  such  that  the  isotherms 
were  more  northwest-southeast,  but  the  colder  areas  of  the  cities  remained  to  the 
north.  By  1200  CST  there  was  a  bulge  in  the  isotherms  with  the  coldest 
temperatures  being  recorded  at  M  and  K  with  a  windspeed  of  5.8  m  s-1 .  This 
temperature  appears  to  have  been  the  result  of  the  strong  northeasterly  wind  as 
shown  in  Figure  4b. 

Perhaps  the  most  striking  example  of  the  influence  of  the  wind  direction  and 
speed  occurred  at  1600  CST  (Figure  4c).  The  warmest  temperature  was  measured 
at  C  in  the  southeast,  the  result  of  heat  flow  from  a  shopping  center  with  large 
bituminous  parking  areas  to  the  northeast  of  the  recording  site.  The  warmer 
temperatures  at  S  and  K  would  have  been  the  result  of  the  normal  temperature 
pattern  of  the  cities  displaced  somewhat  downwind. 

SOUTHEASTERLY  WINDS 

On  2  February  1979  southeasterly  winds  were  recorded  within  the  two  cities. 
There  was  a  weak  southerly  flow  at  the  gradient  level.  There  was  no  deviation 
from  the  southeasterly  surface  winds  from  0000  CST  until  after  2200  CST  on  2 
February.  Wind  speeds  were  2.7  m  s-1  or  less  with  an  hour  between  0300  and  0400 
CST  recorded  as  calm.  The  Parkland  College  site  (R)  was  operating  for  this  case 
study. 

Figure  5a  shows  the  temperature  field  at  0100  CST.  The  coldest  temperature 
was  recorded  at  C  on  the  southeast  edge  of  the  cities  with  the  warmest  at  K  near 
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the  center  of  the  cities.  This  pattern  was  clearest  while  the  wind  was  calm  at  0400 
CST  (Figure  5b).  As  the  wind  began  to  increase  after  the  period  of  calm,  the 
center  of  warm  air  moved  to  the  northwest  as  shown  in  Figure  5c  for  0600  CST. 
The  temperature  pattern  became  complex  after  sunrise  at  0701  CST  as  warm  air 
from  the  south  was  advected  into  the  cities.  The  hourly  observation  which  best 
exemplifies  the  complexity  occurred  at  1400  CST  (Figure  5d).  The  warmest  site  at 
1400  CST  was  S  on  the  southwest  edge  of  the  cities.  P  recorded  2.2 °C  cooler  as  the 
coldest  site  at  1900  CST,  but  only  1.7°C  warmer  than  R,  one  mile  west  of  the 
cities.  The  warm  air  advection  was  well  established  at  2400  CST  as  shown  in 
Figure  5e. 


CONCLUSIONS  AND  RECOMMENDATIONS 

The  analysis  of  the  period  of  calm  has  shown  that  the  nocturnal  heat  island 
matches  the  outline  of  the  cities’  boundaries  quite  closely.  During  the  nighttime 
hours  the  prevailing  wind  forces  the  heat  island  downwind  as  shown  by  the 
periods  of  northwesterly,  northeasterly,  and  southeasterly  winds.  Winds  from  the 
other  directions  studied,  i.e.,  west,  north,  east,  and  south  exhibited  isotherm 
patterns  which  could  not  be  clearly  defined.  This  was  due,  in  part,  to  the  absence 
of  measuring  sites  on  the  north  and  northeast  edges  of  the  cities. 

Daytime  temperature  patterns  tended  to  be  poorly  defined  and  bore  little 
relation  to  the  outline  of  the  cities’  boundaries.  This  complexity  of  daytime  heat 
flux  is  attributed  to  the  fact  that  there  are  no  dominant  heat  sources  (heavy 
industries)  within  the  city  centers.  Rather,  the  heat  sources  are  distributed  about 
the  cities  and  are  relatively  weak  (light  industry  and  commercial  businesses). 
Thus,  the  pattern  prevalent  during  the  nocturnal  periods  of  calm  winds  is  easily 
destroyed  by  solar  heating,  shifting  winds,  and  the  removal  of  some  heat  sources 
during  non-business  hours. 

Oujezdsky  (1973)  recorded  the  changes  in  the  intensity  of  the  heat  island  of 
Austin,  Texas,  over  two  24-hour  intervals,  one  in  winter  and  one  in  summer.  He 
found  that  the  urban  heat  island  is  most  pronounced  in  the  wintertime  but  still 
detectable  in  the  summertime.  In  contrast,  Lyall  (1977)  studied  the  heat  island  of 
London,  England,  and  found  that  the  summer  heat  island  is  more  intense  than 
that  for  winter. 

Changnon  (1961)  found  that  there  was  a  heat  island  in  Champaign-Urbana 
in  the  summer  with  a  maximum  average  temperature  difference  of  1.3  °C  at  2000 
CST  between  the  cities  and  the  rural  airport.  Temperature  gradients  reported 
herein  were  greater  (as  much  as  2.2 °C  per  km)  than  those  reported  by  Changnon 
and  were  found  to  occur  at  a  different  time. 

It  would  therefore  be  desirable  to  perform  another  study  of  the  heat  island  of 
the  cities  of  Champaign  and  Urbana  during  the  summer  months.  This  summer 
study  should  include  additional  sites  on  the  north  and  northeast  edges  of  the  cities. 
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Figure  1 
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Figure  2 
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Figure  3 


Figure  4 
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Figure  5 


PRESENCE  OF  FAWN  REMAINS  AND 
OTHER  FOOD  ITEMS  IN  COYOTE 
SCATS  FROM  SOUTHERN  ILLINOIS 


D.  A.  Westmoreland  and  A.  Woolf 
Cooperative  Wildlife  Research  Laboratory, 

Southern  Illinois  University,  Carbondale,  Illinois  62901 

ABSTRACT 

From  mid  April  to  mid  November,  1980,  123  scats  were  collected  on  Crab 
Orchard  National  Wildlife  Refuge  and  examined  for  vegetation,  insects,  feathers, 
and  hair.  Persimmon  was  the  most  common  plant  food  at  a  frequency  of  13.8%  . 
Small  mammals  were  the  most  common  animals  found,  at  a  combined  frequency 
of  51.2%  .  Fawn  remains  were  found  in  scats  collected  from  June  1  to  August  15, 
peaking  at  a  frequency  of  38.1%  in  late  June. 

INTRODUCTION 

The  food  habits  of  coyotes  in  Illinois  are  not  well  known,  but  research  has 
begun  in  recent  years  (D.  E.  Birkenholz,  Illinois  State  University,  pers.  comm.). 
One  area  of  importance  for  these  investigations  is  the  interaction  between  white¬ 
tailed  deer  (Odocoileus  virginianus)  and  coyotes  (Canis  latrans)  or  feral  dogs  (C. 
familiaris) ,  hereafter  referred  to  as  canids.  Much  controversy  exists  concerning  the 
impact  of  these  predators  on  deer  reproduction. 

MATERIALS  AND  METHODS 

From  mid  April  to  mid  October,  1980,  123  scats  were  collected  from  roads  on 
Crab  Orchard  National  Wildlife  Refuge.  Date  and  location  were  recorded  for 
each.  The  scats  were  oven  dried  at  84 °C  for  5-8  hours  and  then  examined  for  food 
remains  (vegetation,  insects,  birds,  mammals).  A  hair  sample  from  each  was 
soaked  in  xylene  for  30-45  minutes  to  permit  identification  by  comparison  of 
medullar  and  cortical  characteristics  with  photographs  (Spence  1963)  and 
laboratory  slides  of  known  species.  No  attempt  was  made  to  identify  orders, 
families,  or  species  of  birds  and  insects. 

RESULTS 

Contents  were  segregated  into  13  catagories  (Table  1).  The  most  frequently 
occurring  item  was  vegetation  at  69.9%;  however,  its  contribution  of  biomass  to 
the  diet  was  relatively  small  because  the  material  consisted  primarily  of  bits  of 
grass  and  leaves.  Persimmon  (Diospyros  virginiana),  the  most  important  plant 
item,  appeared  from  mid  August  to  mid  November.  The  importance  of  this  fruit 
in  the  diet  of  coyotes  has  been  noted  by  other  authors  (Gipson  1974,  Michaelson 
and  Goertz  1978). 
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The  largest  group  of  animals  found  were  small  mammals  (rats,  mice,  voles, 
and  shrews)  at  51.2%.  Cottontails  (Sylvilagus  floridanus)  occurred  in  21.1%  of 
the  scats.  There  was  little  evidence  of  avian  prey;  feathers  occurred  at  a  frequency 
of  4.9%,  and  only  one  scat  contained  eggshell  fragments.  Although  insects 
occurred  at  a  higher  frequency  (19.5%),  they  contributed  little  biomass. 

Fawn  remains  occurred  in  scats  collected  from  June  1  to  August  15,  reaching 
a  peak  in  late  June  with  a  frequency  of  38.1%  (Figure  1).  The  absence  of  fawn 
remains  between  July  1  and  July  15  is  probably  due  to  small  sample  size  (N  =  5). 
Adult  deer  remains  occurred  at  a  frequency  of  14.6%;  they  were  present 
throughout  the  study  period. 

Intermediate-sized  mammals  were  recorded  at  relatively  low  frequencies- 
woodchuck  (Marmota  monax)  8.9%,  opossum  (Didelphis  virginiana)  2.4%, 
raccoon  (Procyon  lotor)  8.1  %  .  Species  appearing  only  once — fox  squirrel  (Sciurus 
niger ),  gray  squirrel  (S.  carolinensis) ,  muskrat  (Ondatra  zibethicus),  beaver 
( Castor  canadensis) — were  grouped  with  unidentified  animals  not  included  in  the 
small  mammals  groups;  this  category  had  a  composite  frequency  of  6.5%. 
Miscellaneous  items  (paper,  plastic,  cloth)  occurred  in  12.2%  of  the  scats. 

DISCUSSION 

These  data  suggest  that  small  mammals  are  the  most  important  food  item  of 
wild  canids  in  southern  Illinois.  This  has  been  well  documented  in  other  areas 
(Fichter  et  al.  1955,  Meinzer  et  al.  1975,  Ferrel  et  al.  1953).  Weaver  and  Hoffman 
(1979)  reported  that  detection  of  prey  weighing  less  than  107  g  is  underestimated 
by  scat  analysis;  therefore,  small  mammals  may  be  more  important  than 
indicated. 

Utilization  of  deer  has  been  found  to  be  both  high  (Ferrel  et  al.  1953,  Ozoga 
and  Harger  1966)  and  low  (Michaelson  and  Goertz  1978,  Gipson  1974,  Meinzer  et 
al.  1975)  in  coyote  food  habits  studies.  Most  investigators  attribute  the  presence  of 
deer  to  scavenging,  although  Cahalane  (1947)  observed  an  incident  in  which  3 
coyotes  killed  and  ate  a  young  doe.  Ozoga  and  Harger  (1966),  combining  scat 
analysis  with  tracking  and  observations,  found  that  coyotes  primarily  obtain  deer 
by  scavenging,  but  occasionally  attack  small,  weak  deer.  Phillips  and  Hubert 
(1977)  found  deer  in  6.3%  of  coyote  stomachs  collected  in  southeastern  Illinois 
during  the  winter  period.  In  our  study,  the  relatively  low  occurrence  of  deer 
remains  in  an  area  of  high  deer  density  suggests  that  canids  obtain  the  animals  by 
scavenging. 

The  distribution  of  fawn  remains  in  scats  was  identical  to  that  Salwasser 
(1974)  recorded  in  California.  The  peak  fawn  drop  on  Crab  Orchard  National 
Wildlife  Refuge  was  approximately  1  week  prior  to  the  highest  occurrence  of  fawn 
remains.  Although  wild  canids  are  generally  believed  to  exert  a  major  effect  on 
deer  productivity  (Cook  et  al.  1971),  considerable  information  has  accumulated  to 
indicate  that  this  is  not  necessarily  true  (Gavitt  et  al.  1974,  Perry  and  Giles  1970). 
Knowlton  (1976)  found  that  coyotes  in  Texas  have  a  compensatory  effect  on  fawn 
survival.  Exclusion  of  coyotes  from  a  portion  of  the  study  herd  resulted  in  greater 
fawn  survival  for  the  first  3  months,  but  other  mortality  factors  levelled  the 
population  afterwards.  Gavitt  et  al.  (1974)  noted  that  dogs  are  unable  to  scent 
fawns  less  than  3  days  old,  and  cannot  catch  those  over  2  weeks  of  age.  On  Crab 
Orchard  National  Wildlife  Refuge,  the  increased  frequency  of  fawn  remains 
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immediately  following  peak  fawn  drop  and  the  limited  period  when  they  occurred 
in  scats  suggest  that  fawns  are  most  available  to  predators  or  scavengers  during  a 
short  period  after  birth. 


SUMMARY 

The  summer  diet  of  wild  canids  in  southern  Illinois  consists  primarily  of  small 
mammals  (rats,  mice,  voles,  and  shrews).  Persimmon  is  the  most  commonly  used 
plant  food.  Adult  deer  are  probably  taken  as  carrion.  The  frequency  and 
distribution  of  fawns  in  the  diet  suggest  that  the  animals  are  most  vulnerable  to 
predators  or  scavengers  during* a  short  time  following  parturition. 
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Table  1.  Contents  of  123  scats  collected  from  April  to  October,  1980,  Crab 
Orchard  National  Wildlife  Refuge. 


Item 

Percent  Frequency 

Vegetation 

69.9 

Persimmon  (Diospyros  virginiana) 

13.8 

Insects 

19.5 

Birds 

4.9 

Adult  White- tailed  deer  (Odocoileus  virginianus) 

14.6 

White-tailed  deer  fawns 

11.4 

Cottontail  (Sylvilagus  floridanus) 

21.1 

Woodchuck  (Marmota  monax) 

8.9 

Racoon  (Procyon  lot  or) 

8.1 

Opossum  (Didelphis  virginiana) 

2.4 

Small  mammals 

51.2 

Other 

6.5 

Miscellaneous 

12.2 
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TIME  INTERVAL 

Figure  1.  Frequency  of  fawn  remains  in  scats  during  2-week 
intervals,  June  1  to  August  15,  1980. 

♦  Number  of  scats  collected  during  the  two-week  period. 
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ABSTRACT 

Successful  utilization  of  lignocelluloses  for  fermentation  alcohol  or  other 
chemicals  requires  development  of  economic  conversion  techniques.  Chemical, 
physical,  and  thermal  processes  were  applied  to  wheat  straw  (WS),  and  the 
modified  products  were  assayed  by  enzymatic  hydrolysis.  Treatments  that  remove 
pentosans  or  lignin  make  the  cellulose  more  readily  available  to  saccharifying 
enzymes.  For  example,  autohydrolysis  at  170 °C  for  30  min  decreased  pentosan 
content  and  increased  fourfold  the  conversion  of  cellulose  to  glucose.  “Cold  soda” 
pulping  removed  lignin  and  pentosans  to  effect  a  sixfold  improvement.  Good 
results  were  obtained  by  more  complete  delignification  without  an  appreciable 
loss  in  pentosans. 


INTRODUCTION 

The  abundant,  renewable,  cellulosic  materials  are  attractive  as  potential 
sources  for  alcohol  fuels  and  other  chemicals.  Emert  and  Katzen  (1980)  indicated 
that  although  144  million  tons  of  lignocellulose  wastes  is  collected  annually  in  the 
United  States,  465  million  tons  of  available  lignocellulose  is  uncollected.  Detroy 
and  Hesseltine  (1978)  reviewed  some  of  the  most  promising  and  successful 
technological  processes  available  for  the  production  of  chemicals  from 
agricultural  raw  materials.  Many  comprehensive  studies  have  been  undertaken  to 
improve  the  efficiency  of  hydrolyzing  cellulose  (Brown  and  Jurasek,  1979). 
Economical  means  to  hydrolyze  cellulose  would  provide  fermentable  sugars  for 
the  production  of  chemicals  and  fuels.  At  our  Center  we  have  studied  the 
accessibility  of  cellulose  to  enzymatic  hydrolysis  as  an  effect  of  biological  and 
chemical  pretreatments  (Detroy  et  al.,  1980,  1981).  Using  straw  from  wheat 
grown  in  central  Illinois,  we  have  investigated  feasible  techniques  to  prepare 

*The  mention  of  firm  names  or  trade  products  does  not  imply  that  they  are  endorsed  or 
recommended  by  the  U.S.  Department  of  Agriculture  over  other  firms  or  similar  products  not 
mentioned. 
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substrates  that  could  be  readily  hydrolyzed  by  enzymes.  Chemical  composition 
data  and  SEM  photomicrographs  of  these  substrates  permitted  us  to  evaluate  the 
effect  of  chemical  and  physical  modifications  on  wheat  straw  (WS)  as  they  relate 
to  cellulose  conversion  as  assessed  by  enzymatic  hydrolysis. 

MATERIALS  AND  METHODS 

The  raw  material  for  pretreatment  studies  was  straw  of  soft  winter  wheat 
( Triticum  sp.  Arthur  variety).  The  WS  was  chopped  into  15-45  mm  lengths  with  a 
Taylor,  Stiles,  and  Company  cutter.  Autohydrolysis  or  thermal  pulping  was 
performed  on  chopped  WS.  A  10-gallon,  stainless-steel  jacketed  digester  tumbling 
at  1  rpm  was  used  for  pulping.  With  a  water-to-solids  ratio  of  7:1,  the  WS  was 
pulped  30  min  at  170  °C.  The  internal  pressure  was  reduced  to  75  psi  by  venting, 
and  contents  were  discharged  into  blow  pit.  Pulp  was  washed  and  yield  was 
determined. 

The  chopped  WS  was  ground  in  an  Abbe,  hammer,  or  Wiley  mill  and, 
subsequently,  was  modified  by  the  following  procedures:  (1)  WS  ground  to  pass  4 
mm  screen  in  an  Abbe  mill  was  extracted  48  hr  in  a  Soxhlet  apparatus 
consecutively  with  acetone  and  cyclohexane.  (2)  WS  (-0.7  mm,  hammer  mill) 
was  steeped  24  hr  at  room  temperature  with  sodium  hydroxide  (4  %  solution)  in 
half-gallon  jars.  (3)  A  sodium  chlorite  procedure  in  preparation  of  holocellulose 
similar  to  that  described  by  Adams  (1965)  was  performed  on  unextracted  WS 
ground  to  pass  1  mm  screen  in  a  Wiley  mill.  (4)  Two  levels  (10  and  15% ,  based  on 
WS  solids)  of  sodium  hypochlorite  (expressed  as  available  Cl 2)  were  applied  to 
WS  (-1  mm,  Wiley  mill)  maintaining  a  3%  consistency  to  permit  adequate 
mixing.  Treatments  were  continued  for  3  hr  at  50  °C.  (5)  In  addition,  hypochlorite 
treatments  were  combined  with  sodium  hydroxide  (4%  solution)  extractions.  WS 
treated  with  sodium  hydroxide  and/or  sodium  hypochlorite  was  water  washed. 

All  modified  substrates  were  freeze  dried  before  chemical  analyses  or 
cellulase  saccharifications.  Crude  and  alpha  cellulose  contents  were  measured  by 
the  monoethanolamine  method  of  Nelson  and  Leming  (1957).  Lignin  contents 
were  determined  by  the  spectrophotometric  method  of  Bagby  et  al.  (1973).  Other 
analytical  procedures  were  standards  of  the  Technical  Association  of  the  Pulp  and 
Paper  Industry. 

A  cellulase  method  was  used  to  determine  hydrolysis  efficiencies  of  cellulose 
to  glucose  on  modified  WS  substrates  as  described  by  Detroy  et  al.  (1980).  WS 
specimens  were  mounted  on  double-sided  Scotch  tape  placed  on  aluminum  stubs 
for  observation  with  the  stereoscan  SEM.  Mounted  samples  were  coated  with 
gold-palladium  (60:40)  to  a  thickness  of  about  15  nm  while  rotating  at  10  rpm  in  a 
Denton  DV-502  high- vacuum  evaporator.  The  coated  samples  were  observed  in  a 
SEM  (Mark  2A,  Cambridge  Scientific  Instruments  Co.,  Ltd.,  London  England)  at 
a  beam  specimen  angle  of  45  °C.  Accelerating  voltage  was  20  KV,  and  final 
aperature  was  200  um. 

RESULTS  AND  DISCUSSION 

Conversion  yields  of  glucose  from  cellulose  by  enzymatic  hydrolysis  were 
much  improved  when  the  lignin  contents  of  the  substrates  were  reduced  to  10%  or 
less  (Table  1).  Acetone  and  cyclohexane  extraction  removed  minute  quantities  of 
oil  and  hydrocarbon  and  had  a  somewhat  adverse  effect  upon  the  susceptibility  of 
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the  WS  to  enzymatic  attack.  The  alcohol-benzene  extractives  of  modified  WS  were 
less  than  for  the  control.  The  quantity  of  minerals  removed  during  pretreatments 
did  not  greatly  affect  cellulase  activity. 

Extraction  of  WS  with  sodium  hydroxide  (4  %  solution)  removed  lignin  and 
pentosans,  which  resulted  in  substrates  higher  in  M.E.A.  cellulose  (ash  and 
pentosan  free)  contents.  Pentosans  in  the  alkali  solutions  can  be  recovered. 
Flickinger  (1980)  indicated  that  pentoses  could  be  used  for  conversion  to  liquid 
fuels  also.  Even  though  some  minerals  and  alcohol-benzene  solubles  were 
removed  during  treatments  with  sodium  hypochlorite,  the  substrates  did  not 
respond  well  to  enzymatic  hydrolysis.  However,  when  sodium  chlorite  was  added 
to  WS  in  sufficient  quantity  under  proper  conditions  to  reduce  lignin  content  to  a 
low  level  (5%),  enzymatic  hydrolysis  was  good.  The  residual  pentosans  remaining 
after  extractions  would  require  removal  for  their  inherent  value  before  cellulase 
treatment  or  could  be  utilized  as  residue  after  hydrolysis.  A  two-step  extraction  of 
ground  WS  with  sodium  hydroxide  and  sodium  hypochlorite  provided  substrates 
in  which  82-90%  of  the  cellulose  could  be  converted  to  glucose  by  cellulase. 

The  effect  of  particle  size  of  WS  before  subjection  to  enzyme  treatment  is 
demonstrated  in  Table  2.  A  fourfold  increase  in  conversion  is  noted  for  WS  passing 
a  0.7  mm  screen  during  hammer  milling.  Similar  results  were  observed  for  the 
Abbe,  hammer,  and  Wiley  milling  of  WS  with  particle  size  ranging  from  1  to  6 
mm.  Millett  et  al.  (1979)  commented  on  the  enhancing  effect  of  fine  grinding  and 
reported  a  dramatic  response  of  enzymatic  hydrolysis  to  the  effect  of  vibratory 
ball  milling.  A  photomicrograph  (Fig.  1,  a)  shows  the  magnitude  of  surface  area 
available  for  enzymatic  attack  after  hammer  milling.  When  this  material  is 
treated  with  sodium  hydroxide,  the  substrate  has  a  30%  lower  lignin  content  and 
23%  lower  pentosan  content  than  the  control  (Table  1).  The  removal  of  these 
constituents  provides  a  more  open  structure  for  cellulase  hydrolysis  (Fig.  1,  b)  and 
the  conversion  is  67  % .  The  physical  effect  of  removing  the  cementing  agent, 
lignin,  to  a  low  level  (5%)  in  a  WS  substrate  is  demonstrated  in  Figure  2. 

When  WS  is  subjected  to  thermal  pulping  or  autohydrolysis  (Table  3),  a  net 
decrease  is  observed  in  the  pentosan,  lignin,  mineral,  and  alcohol-benzene  soluble 
contents  of  the  pulp  calculated  on  basis  of  components  in  original  WS.  Additional 
study  should  permit  an  improvement  over  this  65  %  (29.1  to  10.2  % ,  basis  original) 
reduction  in  pentosan  content.  The  liquor  could  be  a  valuable  byproduct,  because 
it  would  be  pentosan  rich.  This  pretreatment  permitted  a  fourfold  increase  in 
enzymatic  hydrolysis.  The  defibering  action  associated  with  depressurization  at 
75  psi  of  chopped  WS  pulped  in  water  is  exhibited  in  Figure  3.  Material  balance 
determinations  for  modified  WS  (Tables  1  and  3)  indicate  that  the  cellulose  had 
not  been  degraded  by  pretreatment  techniques. 

Applicability  of  experimental  results  from  wheat  straw  to  other 
lignocellulosic  materials  should  be  possible  with  modifications  necessitated  by 
inherent  differences  in  raw  materials.  Increasing  the  surface  area  of  lignocellulose 
and  some  purification  of  the  cellulosic  component  appear  necessary  to  improve 
the  efficiency  of  enzymatic  hydrolysis.  Economical  pretreatments  that  provide 
usable  byproducts  (hemicellulose  and  lignin)  are  required  to  attain  good  yields  of 
glucose  from  cellulose  and  to  ensure  total  biomass  utilization. 
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Table  1 .  Enzymatic  Saccharification  of  Wheat  Straw  after  Extraction 
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Table  2.  Influence  of  Milling  Wheat  Straw  on  Cellulose  Conversion 


Milling  process 

Particle 

size1 

mm 

Enzymatic  hydrolysis, 
conversion  of 
cellulose  to  glucose, 

% 

(Chopped  only) 

25 

10 

Abbe 

4 

31 

Hammer 

0.7 

46 

6.4 

33 

Wiley 

1 

35 

2 

30 

Material  passed  screen  openings  of  that  size. 


Table  3.  Characteristics  of  Thermally  Pulped  Wheat  Straw  170  °C,  30  min, 

7:1  (Water  to  Solids)  15-45  mm  Sections 


Pulp  properties 

Yield,  %  64.9 

Liquor  pH  4.2 


Chemical  composition1 


Pul]D 

Control 

Solubility  in  alcohol-benzene,  % 
Cellulose, 

7.59 

6.46 

M.E.A.,  % 

50.3 

32.9 

Alpha,  % 

46.1 

30.2 

Pentosans,  % 

15.7 

29.1 

Lignin,  % 

14.4 

14.5 

Ash,  % 

7.46 

9.46 

Enzymatic  hydrolysis 

Pul£ 

Control 

Conversion  of  cellulose  to  glucose,  % 

39 

10 

1  Duplicate  analyses  are  ±  2  %  of  the 

mean  values  reported. 

FIGURE  LEGENDS 

Figure  1.  Wheat  straw  milled  in  hammer  mill  (-0.7  mm),  (a)  Untreated  (b)  Treated  with  4% 
sodium  hydroxide. 

Figure  2.  Wheat  straw  milled  in  Wiley  mill  (-1  mm),  (a)  Untreated  (b)  Treated  with  sodium 
chlorite. 

Figure  3.  Autohydrolyzed  wheat  straw  after  depressurization  at  75  psi. 


SEM  Photomicrographs 
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Hydroxide 

Wheat  Straw  Milled  (-0.7  mm)  in  Hammer  Mill 

Figure  1 


SEM  Photomicrographs 
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Wheat  Straw  Milled  (-1mm)  in  Wiley  Mill 
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Autohydrolyzed  Wheat  Straw  After 
Depressurization  at  75  psi. 


Figure  3 


EFFECT  OF  ZERANOL  IMPLANTS  ON 

BEEF  CALVES 


Paul  Walker 

Department  of  Agriculture,  Illinois  State  University, 

Normal,  Illinois  61761 


ABSTRACT 

This  study  examines  the  effects  of  preweaning  Zeranol  implantation  on 
preweaning  calf  performances.  Fifty-five  Limousin  crossbred  calves  were  used  in 
this  experiment.  The  calves  received  either  zero  (control),  1  or  2  Zeranol  implants 
prior  to  weaning.  Calves  receiving  implants  (calves  receiving  1  or  2  implants 
combined)  consumed  .27  kg  more  creep  feed  per  head  per  day  than  did  controls. 
Calves  receiving  one  implant  had  8.64  kg.  higher  ( P  <  .05)  adjusted  205  day 
weights  than  controls.  Weight  per  day  of  age  (WDA)  was  nonsignificantly  higher 
for  calves  receiving  1  implant  compared  to  control.  Calves  receiving  2  implants 
had  19.09  kg.  higher  (P  <  .05)  adjusted  205  day  weights  and  .09  kg.  higher 
(P  <  .05)  WDA  values  than  controls.  Calves  receiving  one  implant  netted  $4.47 
more  at  weaning  than  controls.  Calves  receiving  2  implants  netted  $18.88  more  at 
weaning  than  controls. 


INTRODUCTION 

Zeranol,  trade  name  Ralgro,  is  a  derivation  of  corn  mold  and  acts  as  a  growth 
promotant  in  cattle  (NRC,  1976).  Since  Zeranol  was  approved  for  use  in  beef 
cattle  various  trials  have  been  conducted  to  determine  the  efficacy  of  this 
compound  for  improving  weight  gains  postweaning  (Borger,  et  al.,  1973).  A 
review  of  the  literature,  however,  indicates  little  research  has  been  conducted 
regarding  the  effect  of  Zeranol  preweaning. 

The  purpose  of  this  trial  was  to  evaluate  the  effects  of  Zeranol  implants  on 
beef  calves  prior  to  weaning.  The  criteria  evaluated  included:  1)  adjusted  205  day 
weaning  weight,  2)  calf  weight  per  day  of  age,  3)  feed  consumption  of  the  calves, 
and  4)  a  cost  of  production  analysis  based  on  total  weight  gain  and  cost  of  feed. 

METHODS 

Fifty-five  Hereford- Angus  cross  beef  cows  and  their  Limousin  cross  calves 
were  used  in  this  experiment.  Cows  and  corresponding  calves  were  stratified  by 
calf  age  to  four  pens.  All  calves  in  two  pens  received  implants  containing  36  mg.  of 
Zeranol  (3  -  12  mg  pellets)  at  trial  initiation.  These  implants  were  administered 
subcutaneously  in  the  left  ear.  The  calves  in  the  other  two  pens  served  as  controls 
and  did  not  receive  ear  implants  (Table  I).  Of  the  27  calves  receiving  ear  implants, 
the  6  oldest  calves  in  each  of  the  two  treatment  pens  received  only  the  initial 
implant.  The  remaining  calves  in  the  two  treatment  pens  (those  less  than  81  days 
of  age  at  trial  initiation)  received  one  additional  36  mg.  implant  on  day  84  of  the 
experiment. 
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All  cows  and  calves  were  weighed  at  the  beginning  and  end  of  the 
experiment.  Cows  and  calves  were  held  off  feed  and  water  overnight  (12  hours) 
before  beginning  and  ending  weights  were  taken.  Each  cow  was  weighed  when 
her  calf  was  weaned.  Each  calf  weaning  weight  corresponded  to  its  final 
experiment  weight.  Interim  weights  were  taken  every  28  days  on  the  calves.  The 
calves  were  weaned  in  two  groups  to  enable  a  more  accurate  calculation  of 
adjusted  205  days  weights.  Actual  calf  weaning  weights  were  adjusted  to  a  steer 
equivalent  205  days  weight  for  age  of  calf,  sex  of  calf  and  age  of  dam  according  to 
procedures  recommended  by  the  Illinois  Beef  Performance  Testing  Program 
(Ricketts  and  Carr,  1978).  Bull  calves  were  neutered  at  birth  by  the  banding 
technique. 

The  trial  lasted  158  days  and  was  composed  of  two  periods.  Period  1  was 
composed  of  the  first  118  days  of  the  experiment.  Period  1  began  on  February  19, 
1981  and  ended  on  June  11,  1981  when  the  6  oldest  calves  in  each  pen  were 
weaned.  Period  2  was  composed  of  the  last  40  days  of  the  experiment.  Period  2 
began  on  June  11,  1981  and  ended  on  July  21,  1981  when  the  remaining  calves  in 
each  pen  were  weaned. 

The  cows’  diet  consisted  of  corn  silage,  corn  stalks  and  whole  shelled  corn. 
The  corn  silage  was  fed  once  daily  at  the  rate  of  25  pounds  per  head.  The  corn 
stalks  were  fed  ad  libitum  in  big  round  bales.  The  whole  shelled  corn  was  fed  once 
daily  with  the  corn  silage  at  the  rate  of  5  pounds  per  head.  The  whole  shelled  corn 
was  fed  until  day  137  of  the  experiment  which  occurred  on  June  30,  1981. 

The  calves  were  fed  creep  ad  libitum  (Table  II).  They  were  also  allowed  free 
choice  access  to  alfalfa  hay.  All  creep  and  hay  feed  were  weighed.  A  record  of  orts 
was  kept  throughout  the  trial.  The  creep  diet  was  changed  on  day  40  of  the 
experiment  to  creep  2. 

The  effects  of  implant  treatment  were  confounded  with  different  weaning 
times  and  associated  seasonal  environmental  effects  on  calf  performance. 
Therefore,  separate  analyses  of  variance  were  conducted  for  data  on  calves 
weaned  during  different  periods.  Comparisons  were  only  made  between  implant 
treatment  and  control  groups  weaned  within  the  same  period.  No  statistical 
comparisons  were  made  between  implant  treatment  and  control  data  for  calves 
weaned  during  different  periods.  One-way  classification  models  and  appropriate 
F-tests  were  used  for  all  comparisons  (Steel  and  Torrie,  1960). 

RESULTS  AND  DISCUSSION 

Average  age  of  all  calves  beginning  the  test  was  73  ±  6.0  days.  Average  age 
of  the  calves  receiving  implants  at  trial  initiation  was  74  ±  5.8  days.  Average  age 
of  the  control  calves  was  72  ±  6.3  days.  Sex  of  the  calves  across  pens  were  similar 
(Table  I).  The  average  sex  for  those  calves  receiving  implants  at  trial  initiation 
was  1.6  ±  .35.  The  average  sex  for  control  calves  was  1.6  ±  .30. 

Since  the  calves  receiving  implants  and  controls  were  housed  in  different 
pens,  a  comparison  of  feed  intake  between  the  two  groups  was  possible.  However, 
those  calves  receiving  1  implant  or  2  implants  were  kept  in  the  same  pens  and 
individual  feeding  was  not  possible.  Therefore,  no  attempt  could  be  made  to 
compare  feed  consumption  within  implant  treatments.  Similarly,  it  was  not 
possible  to  compare  feed  intake  between  the  calves  of  each  implant  treatment 
group  and  the  corresponding  control  group. 
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During  period  1  the  calves  receiving  1  or  2  implants  consumed  an  average  of 
3. 14  kg  of  feed  per  head  per  day  compared  to  controls  which  consumed  2.86  kg  of 
feed  per  head  per  day  (Table  III).  This  is  a  difference  of  .28  kg.  During  period  2 
the  calves  receiving  2  implants  consumed  an  average  of  4.24  kg  of  feed  per  head 
per  day  compared  to  3.73  kg  for  controls.  This  is  a  difference  of  .41  kg.  These 
consumption  figures  are  reflected  over  the  entire  158  day  trial  as  3.27  kg  of  feed 
per  head  per  day  for  implant  treatment  calves  (includes  calves  receiving  1  implant 
and  calves  receiving  2  implants)  compared  to  3.0  kg  of  feed  per  head  for  controls. 
This  is  a  difference  of  .27  kg  per  head  per  day. 

Total  feed  intake  can  be  broken  down  into  creep  consumption  and  hay 
consumption.  Based  on  the  entire  158  day  trial  the  calves  receiving  implants 
consumed  3.05  kg  of  creep  and  .22  kg  of  hay  per  head  per  day.  Controls  consumed 
2.68  kg  of  creep  and  .32  kg  of  hay  per  day.  Assuming  current  feed  ingredient  cost 
creep  diet  1  would  cost  17. 6<fc  per  keg  and  creep  diet  2  would  cost  15.8<fc  per  kg.  On 
this  basis  the  average  cost  of  feed  consumed  per  head  per  day  was  52.4<u  for  the 
calves  receiving  implants  and  46.9c  per  day  for  controls.  Therefore,  it  cost  5.5c 
more  per  head  per  day  to  feed  the  calves  receiving  implants. 

An  approximate  preweaning  feeding  period  of  132  days  can  be  calculated  by 
subtracting  the  mean  calf  age  at  trial  initiation  of  73  days  from  the  adjusted 
weaning  age  of  205  days.  By  multiplying  the  132  day  feed  period  by  the  difference 
in  cost  of  feed  per  day  between  implant  treatment  and  control  of  5.5c,  a 
difference  in  total  feed  cost  for  the  132  day  period  can  be  obtained.  This 
difference  in  cost  of  feed  is  equal  to  $7.26.  At  current  prices  each  36  mg.  implant 
costs  $1.00.  Therefore,  based  on  these  figures  it  would  cost  $8.26  more  to  implant 
a  calf  once  over  a  132  day  feeding  period.  Similarly,  it  would  cost  $9.26  more  to 
implant  a  calf  twice  over  the  same  132  day  feeding  period. 

Table  IV  shows  the  difference  in  adjusted  205  day  weights  and  weight  per 
day  of  age  between  controls  and  calves  implanted  with  Zeranol.  Both  the  calves 
receiving  one  implant  and  controls  weaned  on  6-11  had  higher  205  day  weights 
than  calves  receiving  two  implants  or  controls  weaned  on  July  21.  This 
observation  is  most  likely  due  to  the  more  adverse  weather  conditions  of  period  2 
which  probably  reduced  calf  average  daily  gain.  It  should  be  noted  that  feed 
consumption  during  period  2  was  greater  than  that  during  period  1,  for  both  the 
treatment  group  and  control  group. 

When  the  calves  receiving  one  implant  and  the  control  group  weaned  on  June 
11  are  compared,  the  calves  implanted  with  Zeranol  out-performed  the  controls 
by  3.1  %  .  This  3.1  %  increase  resulted  in  an  8.64  kg  increase  (P  <  .05)  in  205  day 
weight  for  the  calves  receiving  one  implant.  This  percentage  increase  is  also 
reflected  in  a  .04  kg  nonsignificant  improvement  in  weight  per  day  of  age  (WDA) 
comparing  1.31  vs.  1.27  for  the  calves  receiving  one  implant  vs.  the  controls, 
respectively. 

Table  IV  also  shows  the  comparison  of  calf  weight  performance  between 
calves  receiving  two  implants  and  controls  weaned  on  July  21.  The  calves 
receiving  two  implants  had  19.09  kg  heavier  (P  <  .05)  205  day  weights  and  .09  kg 
heavier  (P  <  .05)  WDA  values  than  did  their  controls.  These  heavier  weights 
resulted  in  a  7.3%  improvement  over  that  of  controls. 

When  data  for  periods  1  and  2  are  averaged,  the  calves  receiving  implants 
out-performed  all  controls  by  5.7%.  The  calves  receiving  implants  had  15  kg 
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heavier  adjusted  205  day  weights  and  .07  kg  heavier  WDA  figures. 

Using  current  market  values,  calves  weighing  255  kg  should  bring  about 
$1.47  per  kg  of  body  weight.  Therefore,  according  to  this  study,  calves  receiving 
one  preweaning  Zeranol  implant  weighed  8.64  kg  more  at  205  days  of  age  and 
resulted  in  a  $12.73  higher  gross  return  over  that  of  controls.  Using  these  figures, 
Table  V  shows  that  implanting  calves  one  time  resulted  in  an  increased  net  return 
of  $4.47  per  head  over  that  of  controls.  Implanting  calves  twice  with  Zeranol 
prior  to  weaning  resulted  in  19.09  kg  heavier  205  day  weights  which  is  reflected  in 
a  $28.14  higher  gross  return  over  that  of  controls.  This  higher  gross  return  is 
reflected  in  an  $18.88  higher  net  return.  On  the  basis  of  this  one  experiment  it 
would  seem  advantageous  to  the  feeder  calf  producer  to  implant  his  calves  with 
Zeranol  prior  to  weaning.  This  trial  also  suggests  that  it  is  economically  more 
practical  to  implant  calves  twice  before  weaning. 
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Table  I.  Experimental  Design 


Pen  number 

Zeranol  implant 

1 

2 

+ 

3 

4 

+ 

mean 

S.E. 

No.  of  calves  starting  trial 

14 

13 

14 

14 

No.  of  calves  weaned 

during  period  1 

6 

6 

6 

6 

No.  of  calves  weaned 

during  period  2 

8 

7 

8 

8 

Calf  sex* 

1.6 

1.5 

1.5 

1.6 

1.58 

.32 

Calf  age  + 

71 

76 

72 

73 

73 

6.0 

*1  equals  heifer  and  2  equals  steer. 

+  Calf  age  at  trial  initiation  is  recorded  in 

days. 

Table  II.  Creep  Diets  of  Calves 

Percent 

Percent 

Percent 

cost* 

Item 

of  Diet 

Crude  Protein 

TDN 

per  kg 

Creep  1 

Oats 

57.5 

12 

75 

13.86 

Corn 

22.5 

10 

91 

13.42 

Protein  Supplement 

20.0 

32 

85 

33.00 

Average 

15.6 

80.6 

17.6 

Creep  2 

Ground  Alfalfa  hay 

25 

14.8 

53 

6.60 

Corn 

55 

10 

91 

13.42 

Protein  Supplement 

20 

32 

85 

33.00 

Average 

15.6 

80.3 

15.8 

*Cost  is  in  cents  per  kg. 

Table  III.  Calf  Feed  Consumption* 

Implant 

+ 

— 

Period  1 

3.14 

2.86 

Period  2 

4.14 

3.73 

Period  1+2 

3.27 

3.0 

Cost  + 

52.4 

46.9 

Teed  is  in  kg  per  head  per  day. 

+  Cost  is  calculated  as  cents  per  head  per  day. 
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Table  IV.  Calf  Weight  Change  kg* 


Treatment 

205  day 
weight 

205  day 
weight 
Increase 

WDA 

WDA 

Increase 

Percent 

Improvement  in 
205  day  weight 

1  Implant  vs. 

Control  t 

1  implant 

268. 191 

+  8.64 

1.31 

+  .04 

+  3.1 

control 

259.55* 

1.27 

S.E. 

.30 

.06 

2  Implants  vs.  Control! 

2  implants 

258. 182 

+  19.09 

1.263 

+  .09 

+  7.3 

control 

239. 092 

1.173 

S.E. 

.51 

.09 

Implant  •  vs. 

Control  § 

Implant 

262.73 

+  15.00 

1.28 

+  .07 

+  5.7 

Control 

247.73 

1.21 

Mean 

255 

1.25 

*  Means  with  same  superscript  differ  significantly  (P  <  .05). 
tControl  refers  to  those  calves  weaned  during  Period  1. 
t Control  refers  to  those  calves  weaned  during  Period  2. 
§Control  refers  to  all  calves  not  receiving  an  implant. 
•Implant  refers  to  all  calves  receiving  either  1  or  2  implants. 


Table  V.  Return  Analysis 


Additional* 

Additional 

Implant 

Additional 

Treatment 

Gross  Return 

Feed  Cost 

Cost 

Net  Return 

One  implant 

$12.73 

$7.26 

$1.00 

$  4.47 

Two  implants 

28.14 

7.26 

2.00 

18.88 

*  Comparisons  are  between  calves  receiving  implants  and  controls  of  periods  1 
and  2. 


§Comparisons  are  between  each  implant  treatment  and  its  respective  control 
group. 
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ABSTRACT 

Elaeagnus  umbellata  Thunb.  (Autumn  Olive)  has  become  naturalized  at 
many  localities  in  east-central  Illinois.  Numerous  individuals  were  found  at  many 
sites  with  the  plants  ranging  in  size  from  small  seedlings  to  shrubs  over  2  m  tall. 
Three  of  these  sites  were  studied  in  detail  and  the  number  of  Autumn  Olive  plants 
per  hectare  ranged  from  5,225  to  33,975  individuals. 

INTRODUCTION 

Within  the  past  few  years  there  has  been  increased  concern  over  the 
introduction  of  non-native  species.  Henry  and  Scott  (1980)  indicate  that  since 
1846  there  has  been  a  dramatic  increase  in  the  number  of  alien  species  in  the 
Illinois  vascular  flora,  and  that  these  taxa  now  constitute  about  29%  of  the  plant 
species  known  to  occur  in  the  state. 

A  recently  introduced  non-native  species  that  appears  to  have  the  potential  of 
becoming  naturalized  and  developing  into  a  major  plant  pest  is  Elaeagnus 
umbellata  Thunb.  This  taxon,  which  is  native  to  Japan,  China,  and  Korea 
(Bailey,  1949),  is  now  commonly  planted  to  provide  cover  and  supplementary 
food  for  game  and  non-game  birds  as  well  as  other  wildlife.  This  species  has  been 
studied  since  1940  by  the  Soil  Conservation  Service’s  National  Plant  Materials 
Center  in  Beltsville,  Maryland,  and  the  strain  ‘Cardinal’  was  released  in  1963  for 
commercial  production  (Foose,  1974). 

Elaeagnus  umbellata  was  not  listed  by  Jones  (1963),  indicating  that  it  was 
not  recognized  as  an  adventive  in  Illinois  at  that  time.  Later,  Myers  (1972) 
considered  this  species  as  adventive  or  spontaneous  in  Illinois,  but  not  naturalized 
and  a  part  of  the  flora,  while  Mohlenbrock  (1975)  mentions  that  it  rarely  escapes 
from  cultivation  and  reports  it  from  Williamson  County,  Illinois.  Mohlenbrock 
and  Ladd  (1978)  also  list  this  species  from  only  Williamson  County,  while 
Shildneck,  Jones,  and  Muhlenback  (1981)  report  it  from  Vermilion  County. 
Recently  the  present  authors  have  found  naturalized  stands  at  more  than  15 
localities  in  Coles,  Clark,  and  Vermilion  Counties.  As  a  result,  a  study  was 
undertaken  to  determine  the  population  density  of  Autumn  Olive  at  some  of  these 
sites,  and  to  determine  the  type  of  habitats  it  will  colonize. 

MATERIALS  AND  METHODS 

Three  sites  were  studied  to  determine  the  extent  to  which  Autumn  Olive  is 
becoming  naturalized.  At  these  sites  a  20  by  20  m  area  was  located  between  25 
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and  75  m  of  an  Autumn  Olive  planting  and  then  divided  into  2Vi  by  2lA  m  plots. 
In  each  plot  the  Autumn  Olive  plants  found  were  counted  and  classified  as  to 
seedlings  and  one-year  old  plants  (less  than  5  dm  tall),  or  two-year  or  older  plants 
(more  than  5  dm  tall).  From  these  data  the  %  frequency  (plots  of  occurrence)  and 
density  (individuals  per  hectare)  were  calculated. 

RESULTS  AND  DISCUSSION 

‘Cardinal’  Autumn  Olive  was  first  planted  in  east-central  Illinois  during  the 
early  1970’s.  Though  not  usually  considered  to  spread  extensively  from  cultivation 
(Allan  and  Steiner,  1972),  it  has  recently  been  found  to  occupy  a  number  of 
habitats  near  the  original  plantings.  Listed  below  are  the  three  areas  which  were 
studied  along  with  a  description  of  each  area  and  the  frequency  and  density  of 
Autumn  Olive  at  each  site. 

Site  §  1.  Located  on  the  south  edge  of  Charleston,  Coles  County,  Illinois  (Sec 
22  T12N  R9E).  At  this  site  a  small  pine  plantation  had  a  Autumn  Olive  hedge 
planted  along  its  east  boundary  in  1975.  Until  1980  this  area  had  been  mowed, 
and  the  pines  are  now  between  1  and  2  m  tall.  A  total  of  209  Autumn  Olive  plants 
were  found  in  the  20  by  20  m  area  with  nearly  30%  being  more  than  5  dm  tall. 
Here  Autumn  Olive  frequency  is  70% ,  averaging  5,225  stems  per  hectare. 

Site  #  2.  Located  3  miles  west  of  Charleston,  Coles  County,  Illinois  (Sec  18 
T12N  R9E).  At  this  site  a  field  dominated  by  a  thick  sand  of  Bromus  inermis 
Leyss.  (Awnless  Rrome  Grass)  had  an  Autumn  Olive  hedge  planted  along  its  north 
and  west  boundaries  in  1975.  Small  ravines,  which  are  in  the  early  tree  stage  of 
succession,  occur  in  this  field.  These  ravines  contain  scattered  individuals  of 
Juglans  nigra  L.,  Malus  ioensis  (Wood)  Britt.,  Quercus  imbricaria  Michx.,  Q. 
rubra  L.,  Prunus  serotina  Ehrh.,  and  Ulmus  americana  L.  that  are  mostly  less 
than  10  cm  dbh.  One  of  these  ravines  was  surveyed  using  a  20  by  20  m  area,  and 
1,359  Autumn  Olive  plants  were  found  with  about  20%  being  more  than  5  dm 
tall.  On  this  site  Autumn  Olive  has  a  frequency  of  86%  and  averages  33,975  stems 
per  hectare. 

Site  §  3.  Located  on  the  William  Weiler  farm  5  miles  east  of  Charleston, 
Coles  County,  Illinois  (Sec  4  T12N  R10E).  This  site  is  located  in  a  grazed  upland 
forest  at  the  edge  of  a  small  pond.  The  forest  is  dominated  by  Quercus  alba  L. 
with  most  of  the  trees  3-5  dm  dbh.  Autumn  Olive  was  planted  along  the  north 
edge  of  the  pond  in  1974.  A  total  of  1,100  Autumn  Olive  plants  were  found  in  the 
20  by  20  m  area  with  7 %  being  more  than  5  dm  tall.  At  this  site  Autumn  Olive  has 
a  frequency  of  97%,  and  averages  27,500  stems  per  hectare. 

The  above  results  indicate  that  Elaeagnus  umbellata  is  becoming  naturalized 
in  east-central  Illinois,  and  possibly  thoughout  most  of  the  state.  Though  present 
evidence  shows  that  this  taxon  spreads  into  disturbed  habitats,  it  has  the  potential 
to  spread  also  into  natural  areas.  Therefore,  indiscriminate  planting  of  this  non¬ 
native  species  into  areas  which  are  essentially  “wild”  and  usually  unmanaged,  is 
biologically  unsound. 
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ABSTRACT 

Two  new  fossil  proboscidean  sites  have  been  excavated  in  northern  Illinois. 
These  finds  have  implications  for  Late  Wisconsinan  glacial  chronology  and  the 
habitat  preferences  of  the  animals,  as  well  as  the  use  of  extinct  fauna  by  early 
Indians. 


INTRODUCTION 

Two  fossil  proboscidean  sites  excavated  by  Northern  Illinois  University  have 
yielded  valuable  new  information  on  late  Wisconsinan  geochronology  and 
paleontology.  The  location  of  the  sites,  their  stratigraphy,  their  excavation  and 
analysis,  and  their  implications  for  late  Wisconsinan  history  are  presented  in  this 
article.  Both  sites  were  excavated  by  students  from  Northern  Illinois  University 
under  the  direction  of  James  Springer.  Ronald  Flemal  visited  both  sites  during 
excavations  and  provided  a  stratigraphic  analysis  of  the  sites. 

SITE  1 

Site  1  was  excavated  in  May  and  June  1976  and  was  assigned  the  survey 
number  NIU-28  (Figure  1).  It  is  located  in  the  NW1/4  Section  11,  T36N,  R4E  on 
the  Sheridan  7  1/2  minute  U.S.  Geological  Survey  Quadrangle  Map.  Bones  were 
initially  exposed  by  the  excavation  of  a  drainage  ditch  along  an  intermittent 
stream.  The  property  owner,  Mr.  Lome  Johnson,  reported  the  find  to  Northern 
Illinois  University.  The  intermittent  streams  drains  into  Little  Indian  Creek,  and 
from  there  into  Indian  Creek  and  the  Fox  River.  Elevation  of  the  intermittent 
stream  was  approximately  665  feet  above  sea  level  prior  to  dredging.  The 
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cultivated  fields  immediately  adjacent  to  the  channel  range  in  elevation  from  675 
to  680  feet. 

The  field  party  from  Northern  Illinois  University  collected  bones  from  the 
dredge  spoils,  removed  bones  by  hand  from  the  bottom  of  the  newly  excavated 
channel,  and  did  primary  excavation  along  both  walls  of  the  ditch  using  pumps 
and  a  sandbag  levee.  The  in  situ  bones  were  below  the  water  table  and 
consequently  very  well  preserved. 

The  stratigraphy  of  NIU-28  is  shown  in  Figure  2.  Unit  1  (bottom-most)  is  till 
of  the  Malden  Till  Member  of  the  Wedron  Foundation,  which  dates  from  the 
Woodfordian  Substage  of  the  Wisconsinan  Glacial  Stage  (Willman  and  Frye, 
1970).  The  Malden  Till  has  been  dated  to  ca.  15,000  B.P.  (Frye  and  Willman, 
1973;  Frye  et  al,  1974),  which  sets  a  maximum  date  for  the  fossil  materials.  Unit  2 
consists  of  stratified  sands  and  gravels  representing  glacial  outwash  associated 
with  the  retreat  of  the  Malden  Glacier.  A  complete  section  was  not  exposed,  so  we 
can  only  estimate  its  thickness  to  be  5  -  10  feet.  Unit  3  is  a  stratified,  complex  set  of 
fluvial  and  lacustrine  sediments  which  reach  a  maximum  thickness  of  4  feet. 
Marls,  clays,  peats,  and  sand  lenses  all  occur,  and  the  stratigraphy  indicates  a  shift 
from  a  regime  of  permanent  water  flow  to  ponded  water  to  marsh.  Even  in  the 
later  period,  however,  running  water  was  occasionally  present.  Well  preserved 
wood,  pelecypod  and  gastropod  shells,  and  mammal  bones  occur  in  this  Unit. 
Beaver-chewed  wood  fragments  are  common  in  Unit  3  and  in  the  Unit  5  spoil,  and 
the  remains  of  at  least  one  beaver  dam  indicate  that  ponding  occasionally 
occurred.  Unit  4  consists  of  a  gley  and  humic  gley  representing  marsh  deposits.  It 
averages  about  2  feet  in  thickness.  Unit  5  is  dredge  spoil,  consisting  of  redeposited 
Unit  3  material. 

Mastodon  (Mammut  americanum)  bones  occurred  along  the  channelized 
stream  reach  for  a  distance  of  about  800  feet,  although  they  were  concentrated 
into  the  much  smaller  area  chosen  for  excavation.  The  material  from  the 
excavation,  the  adjacent  channel  bottom,  and  the  adjacent  spoil  contained  loose 
teeth,  both  mandibles,  and  extensive  postcranial  remains  of  what  is  almost 
certainly  a  single  animal.  The  skeleton  was  disarticulated,  probably  due  to 
current  action  in  the  stream.  The  bones  were  very  well  preserved,  with  no  sign  of 
mineralization.  Their  surface  color  was  grayish-brown:  10YR5/2  and  2.5Y5/2, 
following  the  Munsell  Color  Company  (1954)  book.  The  in  situ  remains  occurred 
in  the  lower  part  of  Unit  3  and  occasionally  as  far  down  as  the  contact  with  Unit  2. 
We  found  a  thin  matrix  of  fine  gravel  (ca.  2-5  mm  diameter)  in  contact  with 
some  of  the  mastodon  bones,  which  we  consider  to  be  an  original  matrix  which 
encased  the  bones  before  they  became  disarticulated  by  water  movement. 

Four  radiocarbon  dates  are  available  for  this  site,  all  provided  by  the  Illinois 
State  Geological  Survey  (Note:  due  to  a  typographical  error,  the  site  was 
incorrectly  reported  to  the  ISGS  as  NIU-128).  ISGS  498A  and  489B  are  the  apatite 
and  total  organic  fractions,  respectively,  of  a  single  mastodon  bone  sample.  The 
dates  are  10,890  ±  210  radiocarbon  years  B.P.  and  10,995  ±  110  radiocarbon 
years  B.P.  The  agreement  is  excellent.  The  third  date  (ISGS  483)  is  on  wood  from 
the  fine  gravel  matrix  which  often  occurred  around  the  bones.  It  is  11,080  ±  350 
radiocarbon  years  B.P.,  which  also  agrees  with  the  bone  dates.  The  fourth  date 
(ISGS  482)  is  on  wood  from  a  clay  layer  in  the  lower  part  of  Unit  3  at  the  same 
general  stratigraphic  position  as  the  mastodon  bones.  It  is  12,410  ±  125 
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radiocarbon  years  B.P.  The  greater  age  of  the  wood  date  suggests  that  the 
initiation  of  deposition  of  Unit  3  may  have  begun  as  much  as  1400  years  before  the 
burial  of  the  mastodon.  This  is  consistent  with  the  implied  age  of  Units  1  and  2 
and  the  general  occurrence  of  the  bones  above  the  contact  between  Units  2  and  3. 

The  radiocarbon  dates  place  the  occurrence  of  the  mastodon  well  within  the 
earliest  well-documented  period  of  human  habitation  in  North  America,  viz.  the 
early  part  of  the  Paleo-Indian  Tradition.  NIU-28,  however,  provided  no  evidence 
of  the  presence  of  man. 


SITE  2 

The  second  site  (NIU-123)  was  excavated  in  June  and  July  of  1977.  It  is 
located  in  the  NE1/4  of  SW1/4,  Section  22,  T39  N,  R9E  on  the  Naperville  7  1/2 
minute  U.S.  Geological  Survey  Quadrangle  Map  (Figure  1).  The  site  occurs  about 
1/4  mile  east  of  the  West  Branch  of  the  DuPage  River,  which  joins  the  DuPage 
River  and  then  the  Illinois  River.  Surface  elevation  is  between  700  and  705  feet 
above  sea  level.  The  land  is  owned  by  the  DuPage  County  Forest  Preserve 
District.  The  bones  were  discovered  accidently  by  a  crane  operator  who  was 
producing  barrow  material.  Officials  of  the  Forest  Preserve  contacted  the 
Department  of  Anthropology  of  Northern  Illinois  University,  which  conducted  the 
excavation. 

NIU-123  occurs  atop  an  outwash  apron  located  in  front  of  the  West  Chicago 
Moraine  (Figure  3)  of  the  Valparaiso  Morainic  System  of  Woodfordian  Age.  The 
geological  sequence  at  the  site  consists  of  bedrock  overlain  by  outwash,  in  turn 
overlain  by  waterlogged  blue-gray  clays,  with  a  ca.  1  foot  thick  organic  plow  zone 
on  top.  In  the  excavations  the  blue-gray  clay  was  ca.  5  feet  thick,  with  the 
uppermost  1  foot  oxidized  to  brown.  The  color  change  probably  resulted  from 
drying  after  field  tile  was  installed  to  improve  the  soil  for  farming.  The  outwash, 
consisting  of  stratified  sand  and  gravel,  was  exposed  at  the  bottom  of  the 
excavations.  The  most  plausible  interpretation  of  the  sequence  is  that  the  site 
occurs  in  what  was  originally  a  kettle  hole  on  the  outwash,  which  subsequently 
became  a  small  lake  in  which  the  blue-gray  clay  accumulated.  Like  NIU-28,  this 
was  a  wet  site,  requiring  excavation  with  the  use  of  pumps. 

Most  of  the  skeleton  of  a  single  individual  was  present,  although 
disarticulated.  As  at  NIU-28,  the  bones  were  in  a  good  state  of  preservation  and 
not  mineralized.  Their  surface  color  was  10YR6/2  (light  brownish  gray)  in  the 
Munsell  classification.  Unfortunately,  only  fragments  of  the  skull  and  tusk  were 
found,  and  no  teeth.  We  believe  that  the  skull  was  likely  destroyed  during  the 
earlier  field  tiling  operation.  Bone  occurred  over  an  area  39  feet  long  by  21  feet 
wide.  We  established  an  arbitrary  vertical  datum  at  the  approximate  level  of  the 
modern  ground  surface.  The  bones  occurred  from  3.2  to  5.0  feet  below  the  datum, 
although  most  were  between  4.2  and  4.7  feet  below  the  datum. 

Although  the  most  diagnostic  elements  (the  teeth)  are  missing,  we  have 
identified  the  animal  as  a  mammoth  ( Mammuthus  sp.)  using  characteristics  of  the 
postcranial  skeleton  listed  by  Olsen  (1972).  These  include  the  relative  slenderness 
of  the  femura,  the  shape  of  the  vertebral  foramina  in  the  cervical  vertebrae,  and 
the  absence  of  a  process  at  the  proximal  end  of  the  patellae.  We  discussed  the 
identification  with  Dr.  Jeffrey  Saunders  of  the  Illinois  State  Museum  who 
examined  the  bones  and  agreed  with  our  identification. 
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Two  radiocarbon  dates  are  available,  both  done  by  the  Illinois  State 
Geological  Survey.  The  first  (ISGS  465)  is  on  peat  derived  from  the  blue-gray  clay 
at  4.25  feet  below  datum  and  immediately  adjacent  to  the  mammoth  bones.  It 
dates  15,240  ±  120  radiocarbon  years  B.P.  The  second  (ISGS  485)  is  on  a 
mammoth  bone  found  in  the  spoil  removed  by  the  crane  operator.  Although 
disturbed,  it  had  not  been  exposed  to  the  air,  since  it  was  still  embedded  in  its  clay 
matrix.  This  date  is  13,130  ±  350  radiocarbon  years  B.P.  The  date  was  done  on 
the  apatite  fraction  alone  since  the  organic  fraction  was  not  sufficient  for  dating. 

The  older  radiocarbon  date  is  incompatible  with  the  previously  accepted  age 
of  the  underlying  West  Chicago  till  and  outwash  of  ca.  14,500  radiocarbon  years 
B.P.  (e.g.,  Frye  and  Willman,  1973).  If  our  older  date  is  to  be  accepted,  it  would 
require  pushing  back  the  date  of  West  Chicago  deposition  in  excess  of  500  years. 
At  present  we  prefer  to  conclude  that  our  older  date  is  for  some  reason  spuriously 
old,  and  accept  the  younder  date  (i.e.,  ca  13,150  RCYBP)  as  the  most  reasonable 
age  of  the  mammoth.  This  would  place  the  mammoth  in  time  and  space  very  close 
to  the  ice  margin. 

As  at  NIU-28,  there  was  no  evidence  of  human  occupation  at  this  site. 

CONCLUSIONS 

The  record  of  extinct  Wisconsinan  fauna  from  Midwestern  United  State  and 
the  associated  floral  data  and  carbon- 14  dates  was  summarized  in  a  useful  article 
by  Brown  and  Cleland  (1968).  We  have  consulted  several  other  sources  for  the 
same  area,  including  Dreimanis  (1968),  Kapp  (1970),  Camp  (1981),  Hansen  et  al. 
(1978),  Ettensohn  (1976),  Davis  et  al.  (1972),  Anderson  and  Williams  (1974), 
Williams  (1957),  Mehl  (1966),  Parmalee  (1967),  McMillan  (1976),  Palmer  and 
Stoltman  (1976),  Bingaman  (1980),  Wilson  (1967),  Skeels  (1962)  and  Graham  et 
al.  (1981)  for  mammoth  and  mastodon;  Mills  (1975)  for  ground  sloth;  Eschelman 
et  al.  (1972)  and  Palmer  (1974)  for  peccary;  West  (1978)  for  caribou;  Galbreath 
(1974)  and  Ray  et  al.  (1968)  for  musk-ox;  Parmalee  (1967)  for  giant  beaver  and 
Pleistocene  elk;  and  Agogino  and  Frankforter  (1960)  for  Pleistocene  bison.  In 
addition,  the  complete  late  Wisconsinan  fauna  from  several  sites  in  Missouri  is 
presented  in  Saunders  (1977),  Parmalee  et  al.  (1969),  King  and  Lindsay  (1976), 
Mehl  (1962),  and  Parmalee  and  Oesch  (1972).  Dorr  and  Eschman  (1970:369-389) 
and  Wilson  (1967)  summarize  the  Pleistocene  fauna  from  Michigan,  and  Kurten 
and  Anderson  (1980)  review  the  Pleistocene  mammals  of  North  America.  Recent 
general  discussions  of  the  North  American  Proboscidea  are  available  in  Dragoo 
(1979)  and  Olsen  (1972).  The  reader  should  also  consult  Bader  and  Techter  (1959) 
for  the  older  literature  on  Pleistocene  mammals  in  Illinois. 

The  literature  on  late  Wisconsinan  fauna  has  dealt  with  three  principal 
problems,  which  we  propose  to  review  in  the  light  of  our  own  field  work  and  the 
recent  publications  cited  above:  1)  the  time  of  extinction  of  the  various  animal 
species,  2)  the  habitat  and  diet  of  the  animals,  and  3)  their  association  with  early 
man.  Our  discussion  will  concentrate  on  the  mammoth  and  mastodon. 

With  regard  to  extinction,  Brown  and  Cleland  (1968)  have  proposed  that  the 
North  American  mammoth  became  extinct  approximately  2000  years  before  the 
mastodon.  The  evidence  from  the  sites  reported  here  is  compatible  with  this 
thesis,  but  in  a  qualified  way.  Brown  and  Cleland’s  date  for  the  extinction  of  the 
mammoth  is  11,000  B.P.  and  for  the  mastodon  9000  B.P.,  whereas  our  dates  are 
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approximately  13,000  -  15,000  B.P.  and  11,000  B.P.,  respectively.  The  reader 
should  also  consult  the  collection  of  papers  by  Martin  and  Wright  (1967)  for  the 
dating  of  Pleistocene  extinctions.  In  an  excellent  survey  of  carbon- 14  dated 
mastodons  from  the  Midwestern  and  Northeastern  United  States  and  Southern 
Canada,  Dreimanis  (1968,  Figure  2)  shows  that  the  number  of  dated  finds 
increases  rapidly  at  about  13,000  B.P.,  peaks  at  about  10,200  B.P.,  and  drops 
rapidly  after  about  9500  B.P.  He  notes  that  a  few  late  dates  were  excluded  from 
his  curve  as  suspect.  (See  Skeels  1962  and  Wilson  1967  for  some  of  these  late 
dates.)  Anderson  and  Williams  (1974)  report  a  mastodon  from  western  Iowa 
dated  13,520  B.P.,  based  on  spruce  wood.  Mehl  (1966)  provides  a  date  of  25,100 
B.P.  on  charcoal  associated  with  a  Missouri  mastodon.  The  Boney  Spring  site,  also 
in  Missouri,  contains  a  stratum  with  31  mastodons,  which  is  dated  to  16,450  B.P., 
16,580  B.P.,  16,490  B.P.,  16,540  B.P.  on  wood  from  the  lower  part  of  the  stratum 
and  to  13,700  B.P.  and  13,550  B.P.  on  organic  debris  in  the  pulp  cavities  of 
mastodon  tusks  from  the  upper  part  of  the  stratum  (Saunders  1977;  69-71,  Figure 
17;  King  and  Lindsay  1976).  Eleven  mastodons  occurred  in  three  strata  at 
Trolinger  Spring,  with  associated  dates  on  peat  and  humates  ranging  from  34,300 
B.P.  to  4290  B.P.  (Saunders  1977:21  -  25,  Figures  5-7,  King  and  Lindsay  1976). 
The  late  dates  are  almost  certainly  wrong,  and  the  palynology  (King  1973,  King 
and  Lindsay  1976)  confirms  the  earlier  dates  to  suggest  a  placement  of  the 
mastodons  at  ca.  34,000  -  23,000  B.P. 

With  these  additional  data  in  mind,  we  may  return  to  a  consideration  of 
Dreimanis  (1968).  The  interpretation' of  his  curve  (Figure  2)  is  crucial,  since  it 
shows  an  extremely  rapid  drop  in  mastodon  finds,  and  presumably  their 
extinction,  at  9500  -  9000  B.  P.  The  date  cited  by  Brown  and  Cleland  (1968)  and 
their  interpretation  are  similar  to  those  of  Dreimanis.  If  Dreimanis’s  Figure  2 
were  taken  in  the  most  straightforward  way,  it  would  indicate  a  very  rapid  late 
Wisconsinan  increase  in  mastodon  populations  to  a  peak  at  10,200  B.P.,  and  then 
a  rapid  decline  and  extinction.  It  seems  likely  to  use  that  the  apparent  peak  is  a 
product  of  geological  processes,  namely  the  rapid  late  Wisconsinan  glacial  retreat 
which  created  thousands  of  kettle  holes  and  other  wet  depressions  suitable  for 
preserving  mastodon  bones.  Note  that  the  pattern  of  carbon- 14  dates  from 
unglaciated  Missouri,  cited  above,  would  suggest  a  much  earlier  mastodon  peak. 
Assuming  such  is  the  case,  the  apparent  rapid  decline  at  9500  B.P.  is  due  in  part  to 
the  lack  of  new  sites  for  preservation  and  to  the  filling  in  of  the  old  ones.  We 
should  also  note  the  evidence  collected  by  Williams  (1957)  for  the  association  of 
mastodons  with  artifacts  of  the  Early  Archaic  Stage  of  10,000  to  8000  B.P.  While 
not  conclusive,  the  associations  are  plausible  and  suggestive.  This  evidence, 
combined  with  the  existence  of  later  dates  mentioned  by  Dreimanis,  inclines  us  to 
extend  the  existence  of  the  mastodon  until  about  8000  B.P. 

It  has  generally  seemed  plausible  to  argue,  as  Brown  and  Cleland  (1968)  do, 
that  the  mammoth  became  extinct  earlier  than  the  mastodon,  since  distributional 
and  pollen  evidence  suggests  that  it  was  basically  a  grazing  animal  adapted  to 
grass  and  other  herbaceous  vegetation.  This  point  is  discussed  in  more  detail 
below.  The  early  postglacial  forests  of  the  Eastern  Woodlands  would  presumably 
have  been  very  unsuitable  for  such  an  animal.  In  addition  to  the  Michigan 
mammoth  dated  to  11,400  B.P.  cited  by  Brown  and  Cleland  (1968),  we  have 
found  dates  of  24,000  B.P.  on  a  mammoth  from  Michigan  (Kapp  1970);  12,200 
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B.P.  and  8200  B.P.,  also  from  Michigan  (Dorr  and  Eschman  1970,  Figure  XIV-12; 
Wilson  1967);  and  10,340  B.P.  on  a  mammoth  from  Ohio  (Hansen  et  al.  1978). 
We  are  inclined  to  see  the  mammoth  persisting  until  about  10,000  B.P. 

The  second  problem  that  has  received  substantial  attention  is  the  habitat  and 
diet  of  the  Pleistocene  animals.  Dreimanis  (1968)  presents  extensive  evidence  that 
spruce,  larch,  and  hemlock  were  common  elements  in  the  vegetation  associated 
with  mastodons  and  also  provided  food  for  the  animals.  However,  both  his  pollen 
data  (Dreimanis  1968,  Table  4)  and  those  collected  by  Brown  and  Cleland  (1968, 
Table  1)  show  pine  along  with  oak  and  other  deciduous  species  as  consistent 
elements  in  the  pollen  rain.  King  (1973)  showed  that  mastodon  finds  in  Missouri 
are  associated  both  with  pine  and  non-arboreal  dominated  spectra 
contemporaneous  with  the  Farmdalian  Interstade  and  with  “spruce-with- 
deciduous-elements”  during  the  latter  part  of  the  Woodfordian  Stade.  The 
Kimmswick  site  in  Missouri  produced  mastodon  bones  with  a  mammalian  fauna 
that  the  investigators  interpret  as  representing  a  “deciduous  woodland  with  open 
grassy  areas”  (Graham  et  al.  1981:  1116).  However,  all  the  animals  they  mention 
were  also  found  with  mastodons  at  the  Boney  Spring  site  (Saunders  1977)  and 
were  associated  with  the  “spruce-with-deciduous-elements’  mentioned  earlier. 
The  spruce  and  deciduous  combination  for  the  late  Woodfordian  is  also 
documented  for  Battaglia  Bqg  in  Ohio  (Shane  1975).  The  mastodon  from  NIU-28 
probably  lived  in  a  forest  dominated  by  spruce,  with  fir  and  oak  as  secondary 
elements,  to  judge  by  the  pollen  sequence  from  nearby  Volo  Bog  (King  1981).  In 
contrast  to  Dreimanis,  however,  we  must  conclude  that  the  evidence  for  an 
association  of  mastondon  with  the  pine,  birch,  and  deciduous  zone  of  ca. 
11,000-9,000  B.  P.  in  the  Midwest  is  also  strong.  This  zone  is  discussed  by  King 
(1981),  Shane  (1975),  Kapp  (1977),  and  Wright  (1971),  and  the  carbon-14  evidence 
reviewed  above  suggests  that  the  mastodon  survived  through  the  time  of  pine 
dominance.  We  suggest  that,  rather  than  the  spread  of  pine  at  the  expense  of 
spruce  being  the  cause  of  the  mastodon’s  demise,  the  mastodon  did  well  in  both 
spruce  and  pine  dominated  forests  and  died  out  only  after  the  deciduous  forest 
became  well  established. 

The  mammoth  is  generally  thought  to  have  been  a  grazing  animal,  living  on 
grass  and  other  herbs,  based  upon  its  common  occurrence  in  the  Plains  of  North 
America  and  its  scarcity  in  the  East  (Kurten  and  Anderson  1980:  343-354,  Skeels 
1962).  In  western  Iowa,  Anderson  and  Williams  (1974)  report  70  mammoth  finds 
and  26  mastodon  finds,  each  of  which  evidently  represents  a  single  individual. 
Since  western  Iowa  throughout  the  Holocene  had  much  more  prairie  than  the 
adjacent  areas  to  the  north,  east,  and  south  (Wright  1968,  Kuchler  1975,  Van 
Zant  1979),  one  might  reasonably  expect  more  prairie  in  the  late  Wisconsinan 
also.  The  recently  deglaciated  section  of  the  northern  Midwest  might  have 
provided  an  herbaceous  habitat  favorable  to  this  animal,  and  indeed  Oltz  and 
Kapp  (1963)  point  out  that  one  mammoth  and  two  mastodon  finds  from  Michigan 
show  the  mammoth  associated  with  a  higher  percentage  of  spruce  and  fir  pollen, 
as  well  as  a  higher  percentage  of  grass  and  marsh  plants.  The  existence  of  a 
periglacial  zone  of  tundra  or  other  herbaceous  vegetation  has  been  a  subject  of 
discussion  among  North  American  palynologists,  with  most  of  the  evidence 
suggesting  only  a  very  narrow  herbaceous  zone  (Kapp  1977;  Wright  1971,  1981). 
A  pollen  core  from  Lake  West  Okoboji  in  northwestern  Iowa  shows  in  its  lowest 
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levels  about  10%  each  of  grass,  sedge,  and  sagebrush,  the  rest  being  largely  spruce 
(Van  Zant  1979,  Figure  2).  Since  the  lake  is  on  the  edge  of  the  area  of 
Woodfordian  glaciation,  the  spruce-herb  zone  shows  that  the  glacial  retreat  did 
produce  a  shortlived  herbaceous  habitat.  A  similar  phenomenon  is  found  in  the 
lowest  level  of  Battaglia  Bog  (Shane  1975,  Figure  3),  although  Shane  does  not 
interpret  it  as  a  tundra  zone. 

The  evidence  from  our  site  NIU-123  is  relevant  to  this  problem,  since  it 
suggests  that  the  mammoth  lived  close  to  the  ice  margin.  If  we  accept  the  date  of 
ca.  13,000  B.P.  for  the  find,  the  contemporaneous  ice  margin  lay  astride  Lake 
Michigan,  perhaps  as  far  south  as  the  latitude  of  Milwaukee  (Evenson  et  al.  1976). 
If  the  date  of  ca.  15,000  B.P.  is  accepted,  the  distance  to  the  glacier  would  have 
been  much  less,  perhaps  just  a  few  miles.  In  either  case,  the  late  Woodfordin 
glacier  was  fluctuating  so  rapidly  that  a  zone  of  irregular  and  poorly  drained 
ground,  supporting  a  great  deal  of  herbaceous  vegetation  can  reasonably  be 
proposed.  Thus  our  data  tend  to  support  the  hypothesis  of  a  glacially  disturbed 
habitat  as  attractive  to  the  mammoth. 

The  final  problem  to  be  considered  here  is  the  relationship  of  extinct 
Pleistocene  fauna  to  early  humans  in  North  America.  There  is  an  enormous 
literature  on  the  cultures  of  the  Pleistocene  and  early  Holocene.  The  reader  is 
referred  to  recent  reviews  and  summaries  in  Bryan  (1978),  Newman  and  Sal  wen 
(1977),  Johnson  (1977),  and  Volume  8,  No.  2  (1971)  of  the  journal  Arctic 
Anthropology.  While  the  association  of  man  with  several  extinct  animals  has  long 
been  established  for  the  North  American  Plains,  the  situation  in  the  East  is  less 
well  documented.  Mastodon  has  recently  been  found  in  good  association  with 
spear  points  in  Missouri  (Graham  et  al.  1981),  and  several  less  certain  but 
plausible  human-mastodon  associations  are  reported  by  Williams  (1957)  and 
Palmer  and  Stoltman  (1976).  See  also  McMillan  (1976)  for  a  criticism  of  one  of 
these  claimed  association.  Tools  have  been  found  associated  with  peccary 
(Platygonus  sp.)  in  Wisconsin  (Palmer  1974),  with  caribou  in  Michigan  (Cleland 
1965),  and  with  Pleistocene  bison  in  Iowa  (Agogino  and  Frankforter  1960).  Avery 
Island  in  Louisiana  has  produced  an  abundant  Pleistocene  fauna,  including 
mastodon  and  horse,  in  the  same  levels  with  artifacts  (Gagliano  1967,  1970).  In 
Graham  Cave,  Alabama,  peccary  (Mylohyus  sp.)  has  been  found  associated  with 
artifacts  (Griffin  1974:  82).  The  same  site  produced  porcupine,  which  is  locally 
extinct  from  the  Southeastern  United  States.  The  most  numerous  finds  of  extinct 
fauna  with  man  occur  in  Florida,  usually  in  spring  deposits,  of  which  the  best 
documented  are  Little  Salt  Spring  and  Warm  Mineral  Springs.  At  Little  Salt 
Spring,  artifacts  occur  with  extinct  giant  tortoise,  ground  sloth,  mammoth  or 
mastodon,  and  Pleistocene  bison  (Clausen  et  al.  1979).  At  Warm  Mineral  Springs, 
human  bones  occur  with  ground  sloth  and  sabretooth  cat  (Cockrell  and  Murphy 
1978:  6).  Excellent  paleontological  documentation  is  available  for  Devil’s  Den,  in 
which  a  rich  and  apparently  very  late  extinct  fauna  is  found  with  human  bones 
(Martin  and  Webb  1974).  Unfortunately,  no  detailed  report  of  the  human 
remains  is  available.  Some  additional  likely,  but  less  well  established  human- 
extinct  animals  associations  from  Florida  are  discussed  by  Sellards  (1952:  90  -  94), 
Neill  (1964),  Weigel  (1962),  and  Dolan  and  Allen  (1961). 

The  evidence  just  reviewed  suggests  that  man  entered  North  America  ca. 
30,000  B.P.  and  that  at  least  occasionally  he  hunted  extinct  or  locally  extinct  game 
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until  ca.  8000  B.P.  Furthermore,  we  can  say  that  the  man-animal  associations  and 
possible  associations  just  mentioned  tend  to  fall  into  two  broad  types:  1)  kill  sites, 
usually  of  mastodon,  in  which  a  substantially  complete  skeleton  of  a  large  animal 
is  found  with  very  few  tools  and  2)  camp  sites,  in  which  a  large  quantity  of  tools 
and  other  cultural  remains  is  associated  with  a  very  few  bones  of  extinct  or  locally 
extinct  fauna. 

In  northern  Illinois,  two  prehistoric  cultural  traditions  were 
contemporaneous  with  the  extinct  fauna  discussed  here,  namely  the  Paleo-Indian 
(11,500  -  8000  B.P.)  and  the  Early  Archaic  (10,000  -  8000  B.P.).  These  have  been 
the  subject  of  intensive  surface  surveys  in  the  basin  of  the  South  Branch  of  the 
Kishwaukee  River,  which  occurs  just  north  of  NIU-28  and  just  west  of  NIU-123 
(Harrison  et  al.  1977,  Springer  et  al.  1978,  Springer  n.d.).  The  artifacts  tend  to 
occur  at  relatively  high  elevations,  in  upland  and  headwater  situations,  often 
associated  with  large  bogs  and  sloughs.  Surveys  in  other  parts  of  Illinois  have 
produced  generally  similar  findings  (Luchterhand  1970,  Henry  and  Nichols  1963, 
Munson  and  Downs  1968,  Winters  1962,  Klippel  and  Maddox  1977).  These  bog 
and  slough  environments  were  very  likely  exploited  for  small  game  and  emergent 
vegetation,  and  the  fact  that  they  continued  to  be  exploited  in  the  Kishwaukee 
Basin  until  the  end  of  the  Archaic  (ca.  3000  B.P.)  suggests  that  Pleistocene  game 
was  not  their  principal  attraction.  Nonetheless,  the  situation  of  many  of  these  sites 
is  strongly  suggestive  of  the  situation  in  which  so  many  Pleistocene  animals  have 
been  found.  For  our  area,  it  is  still  speculative,  but  we  suggest  it  is  plausible  that 
early  man  was  attracted  to  the  wetlands  by  the  opportunity  to  trap  or  ambush 
large  Pleistocene  fauna. 
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Figure  1.  Location  of  NIU-28  and  NIU-123. 
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Figure  3.  Geology  of  the  NIU-123  locality. 

(a)  Plan. 

(b)  Diagrammatic  section. 
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ABSTRACT 

Abortion  of  18  day  old  fetuses  by  a  cottontail  rabbit  ( Sylvilagus  floridanus 
mearnsii)  was  observed  in  a  0.14  ha  field  enclosure  in  southern  Illinois. 
Subsequent  cannibalism  of  one  of  the  fetuses  by  a  male  cottontail  was  also 
documented.  These  unusual  cottontail  behaviors  were  associated  with  an 
abnormal  reproductive  pattern  involving  this  female. 

INTRODUCTION 

Cannibalism  is  a  widespread  phenomenon  in  vertebrates,  usually  involving 
young  eaten  by  stronger  littermates  or  parents  (Errington,  1967).  Within  the 
leporids,  cannibalism  of  juveniles  by  mothers  is  common  in  domesticated 
European  rabbits  ( Oryctolagus  cuniculus)  (Sawin  and  Crary,  1954);  however, 
only  one  instance  of  cannibalism  in  cottontails  (of  nestlings  by  a  mother)  has  been 
reported  (Smith,  1974).  Prenatal  mortality  in  the  form  of  embryo  resorption  is 
common  in  European  rabbits  (Mykytowycz,  1961;  Mykytowycz  and  Fullagar, 
1973)  and  has  occurred  in  9.8%  of  cottontail  litters  in  some  populations  (Pelton, 
1969),  but  abortion  appears  to  be  unusual  and  has  not  been  recorded  in 
cottontails.  This  note  represents  the  first  record  of  abortion  by  a  cottontail;  in 
addition,  the  subsequent  cannibalism  of  one  of  the  fetuses  by  a  male  appears  to  be 
the  first  observation  of  cannibalism  by  an  individual  other  than  the  maternal 
parent  to  be  reported  for  any  leporid  species. 

RESULTS  AND  DISCUSSION 

Eight  rabbits  (5  males,  3  females)  were  present  in  a  22  m  x  63  m  field 
enclosure  at  the  onset  of  the  1977  breeding  season  in  late  February.  This  57 
rabbits/ha  density  was  considerably  greater  than  natural  densities  of  cottontails. 

1  Present  address:  Box  378,  Dayton,  Wyoming  82836 
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One  female  (F201)  initially  came  into  estrus  on  2  March  1977,  and  was  observed 
in  what  should  have  been  her  first  post-partum  estrus  on  31  March;  however,  an 
exhaustive  search  revealed  no  litters.  This  lack  of  litter  production  is  an  unusual 
situation  for  a  female  cottontail  known  to  have  been  bred  (copulation  was 
observed  during  both  periods)  and  experiencing  estrus  during  the  normal  breeding 
season.  On  18  April,  F201  was  unreceptive  but  exhibited  an  apparently  high 
degree  of  attractiveness,  manifested  in  searching  behavior,  chases,  numerous 
attempted  mounts,  and  continuous  harassment  by  all  five  males.  These  and  other 
types  of  sovial  interactions  typically  associated  with  female  estrous  periods  (Marsden 
and  Holler,  1964)  had  been  directed  toward  F201  at  high  frequencies  for  several  days. 
This  prolonged  interest  of  males  in  F201  was  unusual  because  estrous  periods  are 
limited  to  a  few  hours  (Marsden  and  Conaway,  1963).  In  addition,  aggressive 
responses  by  unreceptive  females  have  been  found  to  be  sufficient  in  deterring 
further  interest  by  males  (Marsden  and  Holler,  1964)  but  F201  was  unable  to 
discontinue  pursuit  with  this  type  of  response. 

At  2050  h  on  18  April,  a  subordinate  male  (M198)  followed  and  subsequently 
faced  off  with  F201.  Female  201  responded  agressively  by  boxing  M198,  which 
retreated  approximately  1  m.  The  female  then  entered  a  shallow  depression 
approximately  25  m  from  the  observation  tower,  followed  4-5  minutes  later 
by  M198.  A  brief  series  of  interactions  ensued,  terminating  when  F201  ran  from 
the  site.  Immediately  thereafter,  M198  left  the  depression  carrying  a  relatively 
well  developed  fetus  in  his  mouth,  which  he  then  completely  consumed. 

An  hour  later  the  area  was  searched  and  one  intact  fetus  was  found  in  the 
shallow  depression,  its  fresh  state  indicating  that  it  had  just  been  deposited  there. 
In  addition,  the  other  two  females  in  the  enclosure  were  known  to  have  had 
normal  litters  on  13  and  29  April;  these  facts  indicated  the  fetuses  had  been 
aborted  by  F201  during  the  described  incident.  The  recovered  fetus  was  in  the 
16-18  day  old  size  range  (Rongstad,  1969),  so  the  last  known  estrous  period  for 
F201  (31  March)  was  probably  the  date  of  conception;  thus,  the  fetuses  were 
probably  18  days  old.  Brambell  and  Mills  (1949)  noted  that  in  European  rabbits 
(gestation  period  -  31  days)  embryos  less  than  20  days  old  were  most  susceptible  to 
resorption  while  older  ones  were  more  likely  to  be  aborted.  The  relatively  late 
stage  of  these  cottontail  fetuses  (day  18  of  approximately  27  day  gestation  period) 
might  explain  why  they  were  aborted  rather  than  resorbed,  which  appears  to  be 
the  common  mode  of  prenatal  mortality  in  cottontails  (Pelton,  1969).  The 
abortion  may  have  been  a  direct  result  of  the  abnormally  high  frequency  of 
interactions  and  continued  harrassment  of  F201  by  males  for  several  days  prior  to 
the  incident.  In  turn,  this  harrassment  was  undoubtedly  a  consequence  of  the 
unusually  prolonged  apparent  attractiveness  of  F201,  the  cause  of  which  was 
unknown. 

Although  the  incident  of  cannibalism  appeared  to  be  isolated  and  might  be 
regarded  as  displacement  behavior  (Hinde,  1970),  it  is  notable  in  part  because  the 
species  is  normally  strictly  herbivorous.  Ingestion  of  placentae  and  associated 
tissues  by  mothers  is  common  in  nearly  all  mammals,  including  leporids. 
However,  cannibalism  by  individuals  other  than  litter  mates  or  parents  is  rare, 
particularly  in  herbivores.  Male  198  was  a  subordinate  male  and  therefore 
probably  not  the  parent  of  the  fetuses  (Marsden  and  Holler,  1964),  although  this 
could  not  be  definitely  established  because  cottontails  exhibit  a  promiscuous 
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breeding  system  and  primarily  solitary  lifestyle.  This  incident  comprised  the  only 
evidence  of  abortion  and/or  cannibalism  observed  in  4  years  (January 
1976-December  1979)  of  study  of  this  high  density  population;  thus,  abortion  and 
cannibalism  would  not  appear  to  be  common  or  important  mortality  factors  in 
cottontail  populations. 
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ABSTRACT 

Fifteen  cottontail  rabbit  blood  protein  loci  were  electrophoretically 
examined  to  identify  polymorphic  loci  suitable  for  utilization  as  genetic  markers. 
Nine  loci  (albumin,  alkaline  phosphatase- 1,  esterases  6  and  7,  alpha  and  beta 
hemoglobin,  leucine  aminopeptidase,  transferrin,  and  lactate  dehydrogenase  B) 
were  monomorphic.  Two  polymorphic  loci  (lactate  dehydrogenase  A  and  esterase 
1)  which  exhibited  characteristics  appropriate  for  utilization  as  genetic  markers 
were  identified;  four  other  loci  (esterases  2-5)  were  polymorphic  but  would  be  less 
applicable  as  markers  due  to  their  densitometric  requirement  for  Rf 
determination. 


INTRODUCTION 

Numerous  genetic  markers  have  been  electrophoretically  identified  for  many 
mammalian  species,  although  with  a  few  notable  exceptions,  e.g.,  man  and 
white-tailed  deer  ( Odocoileus  virginianus) ,  most  of  this  work  has  been  conducted 
on  small  mammals.  There  is  little  or  no  such  information  for  many  other  species, 
such  as  cottontail  rabbits  ( Sylvilagus  floridanus ;  Chapman  and  Morgan  1973; 
Walkowiak  1967).  The  cottontail,  a  ubiquitous  and  highly  adaptable  species, 
possesses  attributes  which  make  it  well  suited  for  many  types  of  ecological  genetic 
studies;  however,  baseline  data  (e.g.,  identification  of  polymorphic  loci,  and 
documentation  of  genetic  variation)  must  be  established  before  large-scale 
investigations  of  this  nature  can  be  undertaken. 

A  number  of  cottontail  blood  protein  loci  were  electrophoretically  examined 
in  the  course  of  an  investigation  of  the  population  biology  of  rabbits  in  southern 
Illinois.  The  purpose  of  this  paper  is  to  describe  the  observed  genetic  variation, 
emphasizing  the  identification  of  those  polymorphic  loci  which  would  be  most 
useful  as  genetic  markers  in  other  cottontail  research. 

MATERIALS  AND  METHODS 

Blood  samples  were  collected  from  63  Mearns  cottontails  (S.  /.  mearnsii ; 
Schanda  1972)  captured  near  Carbondale,  Illinois  between  18  November  1976 
and  13  February  1977.  Animals  were  taken  within  a  25  ha  area  exhibiting  no 
marked  variation  of  habitat  types;  thus,  it  was  assumed  that  a  single  population 
was  represented.  Serum  and  hemolysate  were  prepared  (Brewer  1970)  and  stored 
at  -  25°C. 
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Polyacrylamide  disc  electrophoresis  was  utilized  to  analyze  genetic  variation 
at  15  presumptive  loci:  albumin  (Alb);  liver  alkaline  phosphatase  (Aph-1); 
erythrocyte  esterase  ( Est-1 );  serum  esterases,  six  loci  ( Est-2 ,  3,  4,  5,  6,  and  7); 
hemoglobin,  two  loci  (alpha  and  beta  Hb );  leucine  aminopeptidase  (Lap);  lactate 
dehydrogenase,  two  loci  (Ldh-A,  Ldh-B);  and  transferrin  (Tf).  Est-1  and  Hb  were 
examined  in  the  hemolysate  fraction;  serum  was  used  for  all  others.  A  tris-borate 
buffer  system  (Lee  and  Kenny  1975;  5  minute  2  ma/gel  prerun,  50  minute  4 
ma/gel  run)  was  used  for  all  runs  except  Lap,  when  borate  buffer  (Gelman  1975; 
120  minutes  2  ma/gel)  was  employed.  A  stacking  gel  (Davis  1964)  was  utilized  in 
combination  with  a  6.6%  acrylamide  separation  gel  for  all  proteins  except  hb, 
Ldh-A  and  B,  and  Lap,  for  which  a  5.0%  separation  gel  was  superior.  Staining 
procedures  were  those  of  Gelman  (1975),  except  for  Hb  which  required  no 
staining  for  visualization,  and  Aph  where  the  technique  of  Lee  and  Kenny  (1975) 
was  used.  L-phenylalanine,  L-homoarginine,  and  heat  were  utilized  as  inhibitors 
to  attempt  to  identify  the  Aph  loci;  nitroso-R  (Mueller  et  al.  1962)  was  employed 
to  initially  identify  the  Tf  band. 

Some  serum  esterase,  Ldh,  and  Aph  bands  stained  too  faintly  to  permit  direct 
Rf  (mobility)  determination;  therefore,  all  serum  esterase  gels  were  scanned  on  a 
Gilford  240  spectrophotometer  at  600  nm  while  Ldh  and  Aph  gels  were  scanned  at 
560  nm  on  a  Helena  Flur-Vis  densitometer.  Mobilities  were  then  determined  from 
scanner  printouts.  In  addition,  a  standard  sample  of  known  phenotype  was  run 
with  each  set  of  gels  to  aid  scoring  of  phenotypes  having  bands  with  similar 
mobilities. 

Presumptive  polymorphic  loci  were  first  identified  by  observation  of 
variation  of  protein  bands  in  codominant  fashion.  Chi-square  goodness  of  fit  tests 
were  subsequently  utilized  to  examine  the  relationship  of  observed  phenotypic 
frequencies  to  those  expected  by  Hardy- Weinberg  equilibrium.  Nomenclature  for 
loci  and  alleles  was  that  of  Ayala  et  al.  (1972);  the  1%  criterion  (Lewontin  1974) 
for  designation  of  polymorphic  loci  was  employed. 


RESULTS  AND  DISCUSSION 

This  population  was  monomorphic  at  nine  loci  (mean  Rf  and  SD  in 
parentheses):  Alb  (0.894  ±  0.009),  Aph-1  (0.370  ±  0.007),  Est-6  (0.359  ±  0.008), 
Est-7  (0.314  ±0.007),  Hb  (both  loci;  0.677  ±  0.005),  Lap  (0.538  ±  0.016),  Ldh-B 
(origin),  and  Tf  (0.562  ±  0.004).  Chapman  and  Morgan  (1973)  also  observed 
monomorphic  Tf  in  small  samples  of  S.  /.  mearnsii  from  Missouri  and  S.  /. 
chapmani  from  Texas  (n  =  11  and  5,  respectively),  but  noted  polymorphism  at  the 
same  locus  in  S.  f.  alacer.  Walkowiak  (1967)  found  Tf  polymorphism  in 
Connecticut  cottontails;  although  the  subspecies  was  not  specified,  distribution 
maps  indicate  the  probability  of  S.  /.  mallurus  (Hall  and  Kelson  1959).  Further 
anaylsis  of  subspecific  and  geographic  variation  of  Tf  may  support  the  utility  of 
this  locus  as  a  taxonomic  marker  for  some  subspecies  of  the  S.  floridanus  group. 

A  fast  Hb  band  (Rf  =  0.749  ±  0.008)  was  separated  from  stored  samples  in 
addition  to  the  primary  Hb  band.  Absence  of  the  fast  band  when  fresh  hemolysate 
was  run  indicated  it  was  a  storage  artifact;  thus,  both  Hb  loci  were  monomorphic 
and  contributed  to  the  production  of  a  single  primary  Hb  band  through 
tetramerization. 
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Two  Ldh  band  patterns  were  observed,  one  four-banded  (n  =  61; 
Rf  =  0.632  ±0.003,  0.520  ±0.001,  0.411  ±0.003,  0.297  ±  0.005),  and  one  nine- 
banded  (n  =  2;  Rf  =  0.605,  0.572,  0.522,  0.481,  0.410,  0.363,  0.329,  0.281). 
Lactate  dehydrogenase  is  a  tetramer  under  the  control  of  two  loci;  therefore,  an 
individual  homozygous  at  both  loci  exhibits  five  bands  (Boyer  et  al.  1963).  The 
four-banded  pattern  was  apparently  a  homozygote  with  LDH5,  the  tetramer 
composed  entired  of  Ldh-B  subunits,  remaining  at  the  origin.  The  nine-banded 
pattern  appeared  a  consequence  of  a  polymorphic,  heterozygous  Ldh- A  locus 
(Table  1).  Although  a  heterozygote  at  one  locus  would  produce  15  tetrameric 
combinations  of  subunits,  overlapping  bands  and  predictably  low  concentrations 
of  some  combinations  would  prevent  visualization  of  all  15.  Absence  of  a  visible 
band  corresponding  to  the  LDH1  band  of  the  double  homozygote  indicated  the 
heterozygosity  must  exist  at  the  Ldh- A  locus. 

The  liver  Aph  isozyme  was  identified  by  its  susceptibility  to  the  inhibitor 
L-homoarginine.  A  fast  zone  of  Aph  activity  contained  three  bands 
(Rf  =  0.632  ±  0.013,  0.598  ±  0.013,  0.569  ±  0.011);  but  these  were  not  inhibited  by 
L-homoarginine,  L-phenylalanine,  or  heat,  so  their  origin  was  not  identified. 
Seven  phenotypes  were  observed  in  this  fast  Aph  zone;  the  bands  occurred  singly, 
in  all  combinations  of  two,  and  all  together.  The  latter  phenotype  indicated 
involvement  of  more  than  one  locus  and  prevented  interpretation  of  the  pattern  of 
inheritance.  In  addition  to  this  problem,  these  Aph  bands  would  probably  not  be 
a  suitable  marker  for  most  purposes  due  to  the  need  for  a  scanner  for  Rf 
determination  when  using  disc  techniques.  Slab  gel  electrophoresis  would  reduce 
that  need  if  the  pattern  of  inheritance  could  be  elucidated. 

Est-1  was  the  only  erythrocyte  esterase  locus  visualized  and  was  polymorphic 
with  two  codominant  alleles  (Table  1).  Each  primary  band  was  accompanied  by  a 
faster  migrating  storage  artifact  when  frozen  hemolysate  was  used;  however,  no 
ambiguity  was  caused  by  the  extra  bands.  There  were  no  significant  deviations  of 
observed  from  expected  numbers  of  individuals  of  any  phenotype  for  Est-1  or  for 
any  other  polymorphic  locus  (Table  2).  Phenotypes  of  two  adult  females  and  their 
eight  progeny  (Table  3)  from  a  separate  confined  population  were  utilized  to 
examine  the  hypothesized  patterns  of  inheritance  for  all  polymorphic  esterase  loci. 
Although  limited  in  quantity,  these  data  exhibited  no  inconsistencies  between 
maternal  and  progeny  phenotypes  which  would  indicate  an  error  in  any  of  the 
hypothesized  inheritance  patterns  (Table  3).  In  addition,  the  presence  of  male  and 
female  heterozygotes  at  each  locus  indicated  these  were  probably  all  autosomal 
loci. 

Four  presumptive  serum  esterase  loci  ( Est-2 ,  3,  4,  and  5;  Table  1)  were 
investigated;  six  other  esterase  bands  were  present  but  could  not  be  interpreted 
due  to  weak  staining  intensities.  Est-2  and  Est-5  appeared  to  be  simple  diallelic 
codominant  loci  (Table  2).  Two  alleles,  one  of  which  was  null,  were  also  observed 
at  the  Est-3  locus.  The  three  phenotypes  seemed  to  be  distinguishable  as  a  result  of 
the  dosage  effect,  with  null  homozygotes  producing  no  band,  1.00/1.00 
homozygotes  producing  a  relatively  dark  band,  and  heterozygotes  producing  a 
band  of  intermediate  staining  intensity.  Six  phenotypes  for  Est-4  were  apparently 
controlled  by  three  codominant  alleles  (Tables  1  and  2).  Some  variation  in 
staining  intensity  was  evident  in  these  bands,  particularly  for  the  1.00  allele, 
although  other  possible  interpretations  of  this  variation,  such  as  the  presence  of  a 


108 


S.  C.  Yaich  and  W.  D.  Klimstra 


null  allele(s)  and/or  involvement  of  two  loci,  were  unsatisfactory  (Yaich  1978). 
Modifying  loci  could  be  responsible  for  this  variation,  but  could  not  be  proven 
from  the  data  available.  Thus,  the  initial  hypothesis  of  three  alleles  at  a  single 
locus  appears  most  acceptable  at  this  time. 

SUMMARY 

The  Est-1  and  Ldh-A  loci  would  be  most  useful  as  genetic  markers  in 
population  studies,  assuming  frequencies  of  each  allele  were  sufficiently  high  in 
the  population  under  examination.  Phenotypes  observed  at  these  loci  were  readily 
identified  and  scoring  was  unambiguous.  The  requirement  of  a  densitometer  for 
accurate  Rf  determination  of  all  serum  esterases  except  Est-4  (where  it  would  still 
be  desirable  if  disc  techniques  were  employed)  makes  these  polymorphic  loci  less 
appropriate  for  utilization  as  genetic  markers.  Horizontal  electrophoresis  would 
reduce  the  necessity  of  a  densitometer  for  Est-2  and  Est-5  evaluation  but  might 
not  fully  eliminate  that  need;  densitometry  could  not  be  avoided  for 
interpretation  of  Est-3. 
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Table  1.  Allele  frequencies  and  electrophoretic  mobilities  (Rf)  of  polymorphic 
blood  proteins  in  a  population  of  cottontail  rabbits  near  Carbondale,  Illinois. 


Protein 

Allele 

Frequency 

Electrophoretic 
mobility  (Rf) 

Ldh-A 

1.00 

0.984 

0.632(0.003)* 

0.016 

Est-1 

1.03 

0.055 

0.827(0.006)1 

1.00 

0.945 

0.805(0.007) 

Est-2 

1.04 

0.333 

0.830(0.008) 

1.00 

0.667 

0.799(0.005) 

Est-3 

1.00 

0.190 

0.771(0.008) 

null 

0.810 

Est-4 

1.11 

0.270 

0.740(0.011) 

1.04 

0.254 

0.694(0.012) 

1.00 

0.476 

0.666(0.010) 

Est-5 

1.06 

0.246 

0.481(0.011) 

1.00 

0.754 

0.454(0.012) 

*  Values  in  parentheses  are  standard  deviations. 

|The  mobility  of  the  less  frequent  allele  could  not  be  determined  due  to  overlapping  bands  and 
predicably  low  staining  intensity  of  some  bands. 
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Table  2.  Observed  and  expected  numbers  of  rabbits  exhibiting  each  phenotype  at 
polymorphic  esterase  loci  based  on  autosomal  codominant  pattern  of  inheritance. 


Locus 

Phenotype 

Number  of  rabbits 

Observed  Expected 

X2 

Est-1 

1.03/1.03 

0 

0.2 

1.03/1.00 

7 

6.6 

1.00/1.00 

56 

56.2 

0.4531* 

Est-2 

1.04/1.04 

8 

7.0 

1.04/1.00 

26 

28.0 

1.04/1.00 

29 

28.0 

0.0982 

Est-3 

1.00/1.00 

4 

2.3 

1.00/null 

16 

19.4 

null/null 

43 

41.3 

1.0945 

Est-4 

1.11/1.11 

1 

4.6 

1.11/1.04 

8 

8.6 

1.11/1.00 

24 

16.2 

1.04/1.04 

6 

4.1 

1.04/1.00 

12 

15.2 

1.00/1.00 

12 

14.3 

8.5968 

Est-5 

1.06/1.06 

2 

3.8 

1.06/1.00 

27 

23.4 

1.00/1.00 

34 

35.8 

0.9026 

*  All  chi-square  analyses  had  one  df  except  for  Est-4  where  df  =  4;  no  X2  values  were  significant. 


Table  3.  Phenotypes  of  polymorphic  esterase  loci  for 
progeny  from  a  confined  population. 

two  mothers  and  eight 

Est-1 

Est-2 

Est-3 

Est-4 

Est-5 

Mother  1 

1.00/1.00 

1.00/1.00 

1.00/null 

1.11/1.00 

1.06/1.00 

Progeny  1A 

1.00/1.00 

1.04/1.00 

1.00/null 

1.11/1.04 

1.00/1.00 

IB 

1.00/1.00 

1.04/1.00 

1.00/null 

1.11/1.04 

1.00/1.00 

1C 

1.00/1.00 

1.04/1.00 

1.00/null 

1.11/1.04 

1.06/1.00 

ID 

1.00/1.00 

1.00/1.00 

null/null 

1.11/1.04 

1.00/1.00 

Mother  2 

1.03/1.00 

1.04/1.00 

null/null 

1.04/1.00 

1.00/1.00 

Progeny  2A 

1.00/1.00 

1.04/1.04 

null/null 

1.00/1.00 

1.00/1.00 

2B 

1.00/1.00 

1.00/1.00 

1.00/null 

1.11/1.00 

1.00/1.00 

2C 

1.00/1.00 

1.04/1.00 

1.00/null 

1.11/1.00 

1.00/1.00 

2D 

1.00/1.00 

1.04/1.04 

null/null 

1.04/1.00 

1.06/1.00 
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ABSTRACT 

Contents  of  573  stomachs  were  examined  for  five  fish  species  (largemouth 
bass,  yellow  perch,  warmouth,  bluegill,  and  pumpkinseed)  collected  among 
macrophyte  patches.  Trophic  diversities  and  food  overlap  coefficients  were 
calculated  so  that  competitive  interactions  could  be  identified  for  further  study. 
The  largemouth  bass,  the  bluegill,  and  the  pumpkinseed  were  classed  as  food 
specialists  and  had  low  food  overlap  coefficients  between  them.  There  appeared 
to  be  little  competition  between  the  largemouth  bass  and  either  the  bluegill  or  the 
pumpkinseed,  but  some  competition  between  the  bluegill  and  pumpkinseed  may 
have  existed  for  caddisflies.  The  yellow  perch  and  the  warmouth  had  high  food 
overlap  coefficients  with  each  other  as  well  as  with  other  species  and  both 
exhibited  a  large  trophic  diversity.  They  were  classified  as  food  generalists. 


INTRODUCTION 

The  purpose  of  this  study  was  to  examine  competitive  interactions  among  five 
species  of  fishes  (the  largemouth  bass,  Micropterus  salmoides;  the  yellow  perch, 
Perea  flavescens;  the  warmouth,  Lepomis  gulosus;  the  bluegill,  Lepomis 
macrochirus;  and  the  pumpkinseed,  Lepomis  gibbosus)  in  shallow  aquatic 
macrophyte  patches  in  a  glacial  lake  in  northern  Illinois. 

One  aspect  investigated  was  trophic  diversity  which  is  the  diversity  of  prey 
species  taken  by  each  predator  species  (Hurtubia,  1973).  Trophic  diversity  as 
calculated  by  Hurtubia  (1973)  can  be  used  to  determine  niche  breadth  which  is 
directly  related  to  competition  theory  (Horn,  1966).  To  gain  further  insight  into 
the  competitive  interactions,  food  overlap  and  population  size  of  fishes  were  also 
measured. 

For  the  five  species  investigated,  neither  trophic  diversity  nor  population  size 
of  fish  using  aquatic  macrophyte  patches  has  ever  been  measured.  With  the 
exception  of  data  on  the  bluegill  and  the  pumpkinseed  (Keast,  1978  and  Werner 
and  Hall,  1979)  there  is  little  information  on  food  overlap  between  these  species. 
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STUDY  AREA 

Cedar  Lake  is  a  glacial  lake  located  in  the  town  of  Lake  Villa,  Illinois.  A  dam 
built  on  the  south  side  of  the  lake  resulted  in  an  increased  surface  area, 
approximately  114  hectares.  An  island  is  situated  between  the  recently  formed 
northwest  portion  and  the  original  basin.  During  the  summer,  the  northwestern 
portion,  most  of  which  has  a  depth  of  less  than  2  m,  is  choked  with  macrophytes. 
The  original  basin  is  considerably  deeper  (13  m)  and  has  scattered  macrophyte 
patches  of  varying  sizes  along  the  shoreline.  This  is  where  the  fish  samples  were 
collected.  A  hard  sand  bottom  lies  between  these  patches. 

METHODS 

At  approximately  weekly  intervals  from  May  to  October,  fish  were  collected 
by  seine  from  macrophyte  patches  in  the  shallow  water  and  particularly  in  the 
largest  macrophyte  bed  which  had  a  surface  area  in  July  and  August  of 
approximately  500m2 ,  and  the  macrophytes  were  primarily  species  of 
Potamogeton.  Most  collections  were  made  between  0900-1100  and  1600-1800  hrs; 
there  was  no  apparent  difference  in  stomach  contents  between  collection  times. 
Fish  were  preserved  in  formalin  and  returned  to  the  laboratory  where  they  were 
identified,  weighed,  and  measured.  The  numbers  of  stomachs  examined  for  each 
species  were:  the  largemouth  bass,  98:  the  yellow  perch,  91:  the  warmouth,  21: 
bluegill,  224;  and  the  pumpkinseed,  139.  Stomach  contents  were  removed  and 
most  food  times  were  identified  to  genus.  Prey  organisms  were  placed  into  food 
categories.  These  categories  were  used  to  determine  trophic  diversity  and  food 
overlap  coefficients. 

In  calculating  trophic  diversity,  food  overlap  coefficients,  and  niche  breadth, 
each  prey  item  was  considered  rather  than  its  caloric  value.  I  assumed  that  fish 
feed  on  the  most  profitable  prey  per  energy  expended  in  search  and  pursuit  of  prey 
(MacArthur  and  Pianka,  1966).  If  competition  results  in  a  fish  species  foraging  on 
less  desirable  or  a  wider  variety  of  prey,  this  situation  would  be  more  easily 
discerned  by  counting  each  individual  organism.  The  equation  used  to  calculate 
food  overlap  coefficients  was  one  used  successfully  by  Pianka  (1975).  It  is 

p 

i  ij  ik 

a  . ,  =  a -i  .  =  - _ —  — . — —  -■  —  - 

Jk  kj  Pgp 2P  2 

V  i  ij  ik 

where  a/fc  and  a  kj  are  food  overlap  coefficients  between  species  j  and  k;  Pi/  is  the 
proportion  of  food  type  i  used  by  j  and  Pjjt  is  the  porportion  of  food  type  i  used  by 
k.  Keast  (1978),  in  examining  food  overlap  between  the  pumpkinseed  and  the 
bluegill  used  the  Levin’s  (1968)  equation.  The  coefficients  calculated  from  the 
present  data  are  not  very  different  using  either  equation. 

Feeding  diversity  for  each  species  was  calculated  by  the  Brillouin  index 
(Pielou,  1966).  The  pooled  stomach  content  data  for  each  species  were  used  in  this 
calculation  using  the  following  equation: 

H  (Brillouin  index)  =  1/N  log 
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In  this  equation,  N{  is  the  number  of  prey  of  type  i  and  N  is  the  total  number  of 
prey  individuals. 

The  Brillouin  index  was  used  to  estimate  trophic  diversity  for  each  predator 
species  (Hurtubia,  1973)  and  is  the  most  appropriate  one  for  analyzing  diversity  of 
collections  (Pielou,  1975).  A  collection  is  a  sample  for  which  there  is  a  complete 
census  (Pielou,  1975).  Hurtubia  (1973)  has  shown  that  the  Brillouin  index  is 
superior  to  other  indices  for  determining  trophic  diversity  of  predators  from 
stomach  contents. 

The  average  (per  predator)  Brillouin  index  for  each  species  was  calculated  by 
the  equation: 

2 

H  =  1/Z  Hk 

k=l 

where  Hk  is  the  diversity  for  each  stomach  and  H  is  the  average  diversity  for  the 
fish  species. 

Trophic  diversity  was  calculated  by  the  procedure  outlined  by  Hurtubia 
(1973)  and  Pielou  (1966).  Each  stomach  for  a  particular  fish  species  was  treated  as 
an  individual  sample.  The  counts  for  each  prey  category  and  the  total  number  of 
prey  were  pooled  one  stomach  sample  at  a  time.  As  these  data  were  pooled  one  at 
a  time,  the  diversity  as  calculated  by  the  equation  for  the  Brillouin  index  increased 
until  it  reached  stability  at  stomach  t.  More  data  from  other  stomachs  did  not 
appreciably  change  the  accumulated  diversity.  But  data  for  each  sample  after  t 
estimated  trophic  diversity  for  that  species.  The  formula  for  calculating  this 
diversity  is: 


h 

k 


(NkHk  - 


Kk-iHk_i) 


(Nk  -  Nk_i) 


where  Hk  and  Hk- 1  are  accumulated  diversities  for  stomachs  k  and  k- 1  Nk  and 
iVk-1  are  the  total  number  of  prey  types  found  in  k  and  k-1  stomachs.  The  trophic 
diversity  for  the  predator  species  of  fish  is  H’p.  Niche  breadth  was  calculated  by 
dividing  the  measured  trophic  diversity,  H  p,  by  the  maximum  possible  trophic 
diversity  (Hurtubia,  1973). 


Individuals  of  a  species  of  predator  could  have  similar  average  diversities  (H) 
but  be  foraging  on  different  prey  types.  A  coefficient  of  similarity  was  calculated 
using  the  formula: 


200  Sxv 

cs  =  - S- - 

■*"  sx 

where  Sx  and  Sy  are  numbers  of  prey  types  in  stomachs  x  and  y  and  Sx y  is  the 
number  of  prey  types  found  in  both  stomachs.  A  random  number  of  stomachs  for 
each  fish  species  was  analyzed  to  calculate  coefficients  of  similarity.  The 
coefficient  is  an  indicator  of  how  similar  the  stomach  contents  of  individuals  of  the 
same  species  are. 
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In  July,  a  capture-recapture  analysis  of  the  fish  population  of  the  large 
shallow  macrophyte  patch  was  begun.  Fish  were  marked  by  fin  clips  and 
sampling  continued  at  weekly  intervals  until  the  end  of  August.  The  mean  of  the 
Petersen  Method  estimates  (Ricker,  1975)  was  employed  in  calculating  population 
sizes. 

It  was  assumed  that  fish  captured  in  macrophyte  beds  were  feeding  there; 
since  the  macrcophyte  beds  contained  larger  numbers  of  fish  than  the  areas 
between  them.  Seine  hauls  between  macrophyte  patches  caught  0-4  fish  while 
seine  hauls  through  macrophyte  patches  caught  30  or  more  fish.  Also,  the 
macrophyte  patches  contained  larger  invertebrate  populations  and  some  of  these 
inverterbrates  cling  to  vegetation  (Connolly,  1981).  Other  invertebrates  were 
burrowers  and  sediments  in  the  patches  were  soft  and  muddy  in  contrast  to  the 
hard,  sandy  sediment  between  patches. 

RESULTS 

Prey  Type  Categories 

Categories  used  in  calculating  diversity  indices  and  food  overlap  coefficients 
are  shown  in  Table  1.  Most  categories  contain  two  or  more  genera.  Benthic  and 
plankton  samples  were  taken  as  part  of  another  study  (Connolly,  1981)  and 
identification  of  organisms  from  that  study  corroborated  the  identification  of  the 
stomach  contents.  The  food  type  categories  and  organisms  in  them  are  shown 
below. 

Minnows — the  bluntnose  minnow  ( Pimephales  notatus)  and  blackchin  shiner 
(. Notropis  heterodon) . 

Darters — the  johnny  darter  ( Etheostoma  nigrum). 

Miscellaneous  Fish — this  is  a  catch-all  category  for  fish  which  seldom 
occurred  in  stomachs  and  includes  the  bluegill,  the  yellow  perch,  and  brook 
silverside  ( Labidesthes  sicculus).  This  category  was  not  used  in  calculations  of 
food  overlap. 

Large  Mayflies — Hexagenia  sp. 

Small  Mayflies — Baetis  sp. 

Crayfish — Orconectes  virilis. 

Water  Boatmen — Trichocorixa  sp. 

Caddisflies — Oecetis  sp.  and  Polycentropis  sp. 

Amphipods — Hyalella  azteca  is  the  only  species. 

Cladocerans — Over  80%  were  Ceriodaphnia  sp. 

Chironomids — Pseudo  chironomus  richardsoni  and  Endochironomus 
dirmorphus  comprised  90%  of  the  individuals  of  this  category. 

Tanypodins — Most  were  Tanypus  sp. 

Damselflies — Most  were  Enallagma  sp. 

Snails — Most  were  Arnicola  sp.  and  Valvata  tricarinate ,  but  there  were  other 
genera  as  well.  This  category  was  particularly  difficult  because  in  the 
pumpkinseed,  the  shells  were  often  badly  broken.  The  number  was  determined  by 
counting  the  number  of  central  portions  (vertex)  of  the  snail  shells.  The  vertex  was 
often  spared  the  crushing  process  of  the  pharyngeal  teeth.  If  shell  particles 
occurred  in  stomachs  with  no  vertex,  one  snail  was  recorded. 

Bivalves — Pisidium  sp.  and  Sphaerium  sp. 

Water  Mites — Individuals  were  not  identified  to  genus. 
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Isopods — Asellus  sp.  is  the  only  genus. 

Miscellaneous  Food  Items — This  category  contains  organisms  which  could 
not  be  identified,  or  whose  occurrence  in  stomach  samples  was  rare.  Bluegills  had 
a  number  of  single  occurrence  organisms  and  these  were  a  phantom  midge. 
Chaoborus  punctipennis;  a  Ceratopogoninae,  Palpomyia  sp.;  copepods,  Cyclops 
sp.;  a  cicada,  Magicicada  sp.;  a  backswimmer,  (Notonectidae);  a  predacious 
bettle,  (Dytiscidae) .  This  category  was  not  used  in  calculations  of  food  overlap. 

Feeding  and  Aspects  of  Foraging 

The  largemouth  bass  ranged  in  size  from  10.6  to  24.7  cm.  They  fed  heavily  on 
minnows  and  darters  as  well  as  on  some  mayflies,  water  boatmen,  and  damselflies 
(Table  1).  Their  morphology  is  particularly  well  adapted  for  attacking  large 
mobile  prey  (Nyberg,  1971).  Largemouth  bass  were  the  most  visible  of  any  of  the 
five  fish  species  and  were  often  seen  swimming  about  the  macrophytes  in  small 
schools  of  as  many  as  a  dozen  fish. 

The  yellow  perch  ranged  in  size  from  10.9  to  18.9  cm.  They  also  fed  heavily 
on  darters  as  well  as  on  amphipods,  mayflies,  and  water  boatment.  If  a  yellow 
perch  successfully  captured  a  darter  or  minnow,  the  stomach  usually  contained 
few  other  organisms.  In  contrast,  if  neither  darter  nor  minnow  was  found  in  the 
stomachs,  a  larger  number  of  invertebrate  prey  was  present. 


Table  1.  Quanitities  of  food  types  in  the  diet  of  the  five  fish  species. 


Largemouth 

Yellow 

Food  Organisms 

Bass 

Perch 

Warmouth 

Bluegill 

Pumpkinseed 

Minnows 

64 

10 

1 

1 

2 

Darters 

149 

67 

7 

1 

0 

Miscellaneous  Fish 

3 

1 

0 

0 

2 

Crayfish 

4 

21 

2 

0 

0 

Large  Mayflies 

0 

4 

9 

11 

43 

Small  Mayflies 

13 

104 

2 

239 

40 

Water  Boatmen 

32 

119 

1 

12 

5 

Caddisflies 

5 

42 

19 

1890 

345 

Amphipods 

3 

450 

1 

1037 

62 

Cladocerans 

15 

5 

0 

159 

1 

Chironomids 

1 

34 

0 

1967 

262 

Tanypodins 

1 

9 

0 

80 

30 

Damselflies 

12 

10 

2 

43 

0 

Snails 

5 

12 

1 

79 

489 

Bivalves 

0 

0 

1 

3 

35 

Water  Mites 

0 

1 

0 

25 

0 

Isopods 

1 

1 

0 

12 

0 

Misc.  Food  Items 

1 

10 

0 

18 

6 

Total  §  Prey 

308 

900 

46 

5577 

1322 

#  Fish  Sampled 

98 

91 

21 

224 

139 

§  Fish  With  Food 

87 

73 

16 

197 

109 

116 
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The  warmouth  ranged  in  size  from  11.1  to  14.5  cm.  The  warmouth  also  fed 
primarily  on  darters  and  large  invertebrates,  particularly  Hexagenia  sp.  and 
caddisflies.  They  have  a  large  gape  compared  to  other  Lepomis  and  tend  to  be 
more  piscivorous  (Larimore,  1957).  The  warmouth  generally  occurs  in  the  cover 
of  macrophytes  and  its  coloration  may  serve  to  camouflage  it  from  its  prey  and  its 
predators. 

The  pumpkinseed  ranged  in  size  from  6.8  to  15.7  cm.  The  pumpkinseed  fed 
on  mollusks  to  a  larger  extent  than  any  other  fish.  It  is  particularly  well-adapted 
for  feeding  on  these  organisms  since  it  has  large  molariform  pharyngeal  teeth  for 
crushing  mollusk  shells  (Hubbs  and  Lagler,  1964  and  Keast,  1978).  The 
pumpkinseed  also  fed  on  mayflies,  caddisflies,  and  chironomids.  In  contrast  to  the 
bluegill,  little  plant  material  was  found  in  its  stomach. 

The  bluegill  ranged  in  size  from  5.4  to  18.3  cm.  The  bluegill  fed  on  the 
smaller  invertebrates:  chironomids,  mayflies,  water  mites,  amphipods, 
cladocerans,  and  caddisflies.  It  also  fed  on  organisms  which  were  rare,  such  as 
predacious  water  beetles,  backswimmers,  and  even  stray  terrestrial  insects.  Over 
50%  of  the  stomachs  contained  plant  material  which  consisted  of  filamentous 
algae,  Potamogeton  leaves,  and  sprouting  macrophytes.  The  bluegill  appeared  to 
have  at  least  two  benthic  foraging  methods.  It  either  fed  on  individual  organisms 
or  on  clumps  of  vegetation  with  up  to  30  or  more  organisms  attached.  In  some 
stomachs,  the  clumps  of  invertebrates  on  Potamogeton  leaves  or  sprouts  were 
found  intact.  The  bluegill  may  use  a  suction  mode  of  feeding  on  the  “clumps”.  It 
has  a  small  mouth  and  great  protusibility  of  the  premaxilla  (Keast  and  Webb, 
1966)  and  a  low  attack  speed  (Nyberg,  1971)  which  would  allow  this  mode  of 
feeding. 

Food  Overlap  Coefficients 

For  the  largemouth  bass,  coefficients  of  food  overlap  decreased  from  the 
yellow  perch  to  the  warmouth,  to  the  bluegill,  and  finally  to  the  pumpkinseed 
(Table  2).  Largemouth  bass  and  yellow  perch  had  a  high  overlap  (0.44)  as  did  the 
yellow  perch  and  the  warmouth  (0.44).  The  latter  fish  species  fed  on  darters  and 
Hexagenia  sp.  While  the  overlap  coefficient  between  the  largemouth  bass  and  the 
warmouth  was  moderate  (0.27),  largemouth  bass  predation  on  darters  may  have 
influenced  the  warmouth  and  the  yellow  perch  diet  by  lowering  the  number  of 
available  darters  for  the  yellow  perch  and  the  warmouth. 

There  was  also  a  high  coefficient  (0.48)  between  the  warmouth  and  the 
pumpkinseed.  Much  of  this  overlap  occurred  because  both  utilize  a  relatively 


Table  2.  Food  overlap  coefficients  for  five  fish  species 


Species 

Largemouth 

Bass 

Yellow 

Perch 

Warmouth 

Bluegill 

Pumpkinseed 

Largemouth  Bass 

1.00 

0.44 

0.27 

0.11 

0.03 

Perch 

0.44 

1.00 

0.44 

0.26 

0.11 

Warmouth 

0.27 

0.44 

1.00 

0.15 

0.48 

Bluegill 

0.11 

0.26 

0.15 

1.00 

0.22 

Pumpkinseed 

0.03 

0.11 

0.48 

0.22 

1.00 
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large  number  of  Hexagenia  sp.  The  warmouth  and  the  pumpkinseed  also  fed 
heavily  on  caddisflies.  The  bluegill  has  only  moderate  food  overlaps  with  the  other 
four  fish  species.  The  bluegill  and  the  perch  overlap  (0.26)  involved  principally 
the  amphipods  and  small  mayflies,  while  the  bluegill  overlap  with  the 
pumpkinseed  was  mainly  due  to  feeding  on  caddisflies  and  chironomids. 

Trophic  Diversity 

The  feeding  diversity  which  is  the  pooled  data  for  all  stomachs  for  each 
species  should  be  less  than  the  trophic  diversity.  An  advantage  of  trophic  diversity 
is  that  one  can  estimate  trophic  diversity  without  finding  all  potential  prey 
categories  (Lloyd  et  al.  1968).  The  pumpkinseed  had  a  higher  feeding  diversity 
(1.63)  than  trophic  diversity  (1.47).  Hurturbia  (1973)  has  shown  that  this  can 
occur  when  there  is  specialization  in  food  categories.  For  the  pumpkinseed,  this 
food  specialization  consisted  of  snails,  caddisflies,  and  chironomids  which  made 
up  37,  26,  and  20%  of  the  diet,  respectively.  The  pumpkinseed  had  the  highest 
individual  diversity  (0.47)  with  an  average  of  12.3  prey  individuals  per  stomach 
(Table  3).  What  this  signifies  is  that  many  of  the  pumpkinseed  were  feeding  on 
these  3  food  categories  and  one  would  expect  to  find  the  pumpkinseed  stomachs 
containing  these  3  prey  categories  and  one  or  two  other  types  as  well. 

The  largemouth  bass  and  the  bluegill  feeding  diversities  were  the  same  or 
nearly  the  same  as  their  trophic  diversities  (Table  3).  Again,  these  two  fish  species 
are  food  specialists.  The  largemouth  bass  had  the  lowest  feeding  and  trophic 
diversity  and  foraged  heavily  on  two  prey  categories,  minnows  and  darters.  Since 
they  feed  on  large  organisms,  there  were  few  prey  individuals  in  their  stomachs 
(3.6/stomach).  The  bluegill  specialized  in  foraging  for  small  prey  such  as 
chironomids,  caddisflies,  and  amphipods.  It  had  a  high  individual  feeding 
diversity  (0.45)  which  was  partially  due  to  feeding  on  “clumps”  which  contained 
several  different  prey  types. 

The  yellow  perch  had  the  largest  trophic  diversity,  and  foraged  on  darters 
and  minnows  but  more  often  on  small  invertebrates.  Amphipods  comprised  50% 
of  the  total  number  of  organisms  in  the  yellow  perch  diet.  It  had  a  high  trophic 
diversity  because  it  fed  on  a  large  number  of  prey  types  and  had  nearly  4  times  as 
many  prey  (12.3/stomach)  as  the  largemouth  bass.  The  moderate  individual 
feeding  diversity  resulted  from  low  individual  diversities  by  those  yellow  perch 
feeding  on  darters  and  minnows,  in  contrast,  to  the  higher  individual  diversities 
by  those  feeding  on  invertebrates. 

The  warmouth  had  a  high  trophic  diversity  (Table  3).  It  foraged  on  several 
prey  categories  but  its  stomachs  contain  few  prey  (2.98/stomach).  The  warmouth 
fed  on  prey  types  which  were  heavily  utilized  by  three  other  fish  species  and  this 
may  have  resulted  in  low  numbers  of  prey  in  the  stomachs.  With  a  coefficient  of 
similarity  of  0. 16,  there  was  little  similarity  of  stomach  contents.  The  high  trophic 
diversity  was  a  result  of  large  variation  in  prey  type  by  individual  warmouth. 

Those  fish  species  which  specialized  on  certain  prey  categories  had  a  smaller 
niche  breadth:  the  largemouth  bass,  the  bluegill,  and  the  pumpkinseed  had  nearly 
the  same  niche  breadth  and  the  smallest  niche  breadth  (Table  3).  The  yellow 
perch  and  the  warmouth  utilized  a  larger  portion  of  their  maximum  feeding 
niche. 
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Table  3.  Food  diversities  for  five  fish  species. 


Species 

Feeding 

diversity 

H 

Trophic 

diversity 

H’p 

Avg. 

diversity 

H 

Coefficient 

of 

similarity 

Avg. 

items 

stomach 

Niche 

breadth 

Largemouth 

Bass 

1.29 

1.29 

0.24 

0.37 

3.60 

0.48 

Yellow 

Perch 

1.72 

2.19 

0.38 

0.39 

12.30 

0.82 

Warmouth 

1.49 

1.91 

0.19 

0.16 

2.98 

0.72 

Bluegill 

1.53 

1.59 

0.45 

0.46 

28.30 

0.60 

Pumpkin- 

seed 

1.63 

1.47 

0.47 

0.31 

12.30 

0.55 

Fish  Population  Utilization  of  Macrophyte  Beds 

Fish  appeared  to  quickly  recolonize  macrophyte  patches  after  some  had  been 
removed  for  stomach  content  analyses.  Keast  (1978)  cited  a  similar  recolonization 
by  the  bluegill  and  the  pumpkinseed  in  Lake  Opinicon.  Questions  arose  from  this 
observation  on  how  many  fish  of  each  species  utilized  a  macrophyte  bed.  The 
largest  macrophyte  patch  was  chosen  for  this  part  of  the  investigation  since  the 
largest  number  of  fish  could  be  captured  from  it  and  consequently  a  better 
estimate  of  population  size  could  be  determined  than  for  the  small  macrophyte 
beds. 

A  far  greater  number  of  bluegills  (1243)  utilized  this  patch  than  any  other 
species,  but  only  a  small  portion  of  that  population  was  present  at  any  one  time 
(Table  4).  Few  bluegills  were  recaptured  in  the  main  sampling  area  and  only 
three  recaptures  were  ever  obtained  from  other  shallow  macrophyte  patches.  The 
bluegill  may  use  a  number  of  habitats  other  than  these  beds.  Keast  (1978)  found 


Table  4.  Size  of  fish  populations  which  utilized  the  largest  macrophyte  bed. 


Species 

Pop.  Size  ±  S.D. 

%  of  Total  Pop. 
Recap. 

Largemouth 

Bass 

54.7  ±  5.0 

55 

Yellow 

Perch 

80.0  ±  27.7 

14 

Warmouth* 

8 

75 

Bluegill 

1243.5  ±  525.3 

1 

Pumpkinseed 

172.2  ±  55.0 

23 
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that  the  bluegills  preferred  macrophyte  beds  in  deeper  water  and  such  beds  exist 
in  Cedar  Lake.  The  pumpkinseed  population  (172)  utilizing  the  macrophyte 
patch  was  second  in  size  to  the  bluegill.  Unlike  the  bluegill,  the  pumpkinseed  was 
often  recaptured  in  the  main  sampling  area  and  six  were  recaptured  in  other 
shallow  macrophyte  beds.  While  the  pumpkinseed  leaves  the  main  sampling  area 
and  probably  utilizes  other  habitat  types,  it  appeared  it  did  so  less  frequently  than 
did  the  bluegill.  The  largemouth  bass  (55)  and  the  yellow  perch  (80)  populations 
were  nearly  the  same  sizig  but  the  number  of  recaptured  was  very  different. 
Yellow  perch  probably  utilized  habitats  in  cooler  water.  The  warmouth 
population  was  small  (8)  and  it  was  never  captured  outside  the  main  sampling  and 
probably  utilized  other  habitats  only  to  a  limited  extent. 


DISCUSSION 

The  largemouth  bass,  the  bluegill,  and  the  pumpkinseed  have  lower  trophic 
diversities  because  they  specialized  on  certain  food  types.  There  would  be 
virtually  no  competition  between  the  largemouth  bass  and  either  the  bluegill  or 
the  pumpkinseed  with  food  overlap  coefficients  of  0.11  and  0.03,  respectively. 
Werner  (1977)  came  to  a  similar  conclusion  on  the  largemouth  bass  and  the 
bluegill.  There  was  a  slightly  larger  overlap  between  the  pumpkinseed  and  the 
bluegill  (0.22). 

Werner  and  Hall  (1979)  felt  that  the  pumpkinseed  used  vegetative  habitats 
and  benthic  organisms  more  efficiently  than  the  bluegill.  On  the  basis  of  recapture 
and  population  estimates,  the  pumpkinseed  remained  in  the  macrophyte  beds  and 
there  was  a  small  turnover  of  individuals  using  the  macrophyte  patch.  Individual 
bluegills  did  not  stay  in  a  particular  habitat  for  very  long.  Since  the  pumpkinseed 
may  be  a  more  efficient  benthic  feeder  (Werner  and  Hall,  1979),  it  may  reduce 
the  population  of  a  particular  prey  type  so  that  the  less  efficient  bluegill  would 
leave  the  weed  bed.  If  exploitative  competition  such  as  this  exists,  it  involved 
possibly  only  caddisflies.  Connolly  (1981)  found  that  of  11,069  benthic  organisms 
in  shallow  waters  of  Cedar  Lake,  64%  were  snails,  and  15%  were  chironomids 
but  only  1%  were  caddisflies. 

The  warmouth  may  be  a  habitat  specialist  rather  than  a  food  type  specialist. 
Werner  (1977)  and  Werner  and  Hall  (1977  and  1979)  proposed  that  the  green 
sunfish  ( Lepomis  cyanellus)  is  a  food  generalist  and  habitat  specialist.  Savitz  and 
Janssen  (1982)  provided  some  evidence  suggesting  that  the  green  sunfish  is  a 
habitat  specialist  in  order  to  avoid  predation.  The  warmouth  is  very  similar  to  the 
green  sunfish  in  morphology  and  in  their  preference  for  weed  beds.  There  appears 
to  be  considerable  competition  between  the  warmouth  and  some  of  the  other  fish 
species. 

The  yellow  perch  is  similar  in  that  it  utilizes  a  large  variety  of  prey  types  but 
probably  prefers  habitats  with  cooler  water  since  they  have  a  lower  temperature 
preference  than  the  four  other  fish  species  (Magnuson  et  al,  1979).  Competition 
and  predation  are  probably  two  important  forces  affecting  the  warmouth  and  the 
perch  and  only  further  study  can  show  their  relative  impacts. 
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